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-
INTRODUCTION
-
This final interim report describes Year 2002 results for the Water Quality Monitoring
“ Study being conducted for the City of Crystal Falls (licensee) on the City of Crystal Falls
Hydroelectric Project (FERC Project No. 11402) located on the Paint River in Crystal Falls,
- Michigan (fron County). This study is being conducted to comply with the FERC order issued
April 10, 1997 approving the licensee’s Water Quality Monitoring Plan (Appendix A). The
- study is being conducted by an independent ecological consulting firm (White Water
Associates, Inc.) under contract with the licensee, with oversight by the Michigan Department
- of Natural Resources (MDNR) and United States Fish and Wildlife Service (USFWS).
The Water Quality Monitoring Plan submitted by the licensee was prepared by its
- contractor Mead and Hunt (Appendix A). The FERC order on the plan modified the proposed
two-year monitoring term to a three-year term. In addition, it set reporting schedules specifying
- that annual reports, including copies of agency comments as well as any proposed
modifications for subsequent years of the study, be filed with the FERC by February 15 (2003,
- for this year's monitoring). The order also specified special reporting instances should water
quality measurements fail to meet standards set by Article 404 (Appendix A). Consultant and
- client correspondence regarding the report for 2001 monitoring involving the sole case of a
special reporting instance is included in Appendix 1. This report was distributed as a draft
- product for the purpose of agency comments, which are included in Appendix J.
This report is comprised of five principal sections, including this one (the Introduction).
The next section will describe the general area of the hydroelectric project and the specific
“ monitoring sites. The Methodology section describes four aspects of the study: (1) Upstream
Water Quality Profiles, (2) Upstream Temperature Monitoring, (3) Downstream Dissolved
- Oxygen and Temperature Monitoring, and (4) Data Management and Analysis. (Except where
noted, the Description of the General Area and Methodology sections are identical to those of
- the 2001 annual report, except for monitoring dates.) The Findings section presents our
observations and data collected from the field, and provides an analysis of the data. The
- Discussion section reviews the three years of monitoring for which agency reporting was
required and recommends how the water quality monitoring plan should be amended for the
- future considering these results.

White Water Associates, Inc. Page |
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DESCRIPTION OF THE GENERAL AREA AND MONITORING SITES
-
The study area is composed of two sites: an upstream site at the upper outer end of the
- floating platform (“catwalk™) from which the barrier net is suspended, and the downstream site
below the dam on the west side (river right). Throughout this report, these sites are often
- referred to simply as upstream and downstream. (See Figure 1, Appendix B.)
Servicing the upstream site was reliable and convenient thanks to the floating platform.
- This substantial structure is composed of wooden rafts connected into two large floating limbs
oriented at approximate right angles to one another. The limb that is placed cross-current is 96
- feet long. The limb that is oriented upstream-downstream was 84 feet long, but was reduced
in length slightly after problems associated with last spring’s runoff necessitated some
- rebuilding. The structure is held in place by steel cables that are stretched between anchor
points on the dam, island, and western shore. Just outside the barrier net, at the inner corner
- of the two limbs (approximately 10 feet further downstream compared to the last two years),
was the upstream site for deploying water quality monitoring equipment and taking profiles
- every ten days. This frequency was a recommended change from the 2001 monitoring effort,
which involved visits every two weeks.
- The downstream site was chosen for its security, remoteness, consistent depth, and
relation to the dam. It was approximately 100 feet downstream. The study plan prepared by
- Mead and Hunt and referenced in the FERC order indicated that positions be approximately
500 feet above and below the dam. Convenience and security dictated that these distances be
reduced; however, the intent of the plan held—to measure water quality parameters at proper
“ depth, well above and below the dam. In addition, the downstream site corresponded with the
location of past deployment of similar equipment, lending to historical comparisons. Since the
“ downstream monitoring site was upstream of the confluence with the spillway and associated
oxygenation, the site likely may represent the “worst case” scenario for dissolved oxygen
- conditions.
The aptness of depths of the two sites for this study was supported by historical data. In
- 1992, White Water Associates conducted aquatic and terrestrial studies within the Crystal Falls
project area as part of the relicensing requirermnents (Paint River Ecology and Water Quality
- Study, White Water Associates, 1992). Bathymetry measures at two-foot contours were
-

White Water Associates, Inc. Page 2
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-
conducted throughout the impoundment including the area of the barrier net. From that data,

- depth at the upstream deployment site was determined to be among the deepest locations of the
impoundment (as specified by the plan describing the site selection for dissolved oxygen and

- temperature profiles) at around 14 feet or 4.5 meters. From similar experience, the depth of the
downstream site was known to typically be from 3 to 4 fect (1 meter) during the study period.

L]

- METHODOLOGY

- For the Water Quality Monitoring Study, we followed the study protocol outlined in the
licensee’s monitoring plan prepared by its contractor, Mead and Hunt, filed with the

- Commission in November 1996, as modified in the order approving the plan issued April 10,
1997 (Appendix A), with the exception of profiles and data collection every ten days rather

- than weekly, as noted above. This section details the methods we used for the 2001 component
of the study under four subheadings: (1) Upstream Water Quality Profiles, (2) Upstream

- Temperature Monitoring, (3) Downstream Dissolved Oxygen and Temperature Monitoring, and
(4) Data Management and Analysis.

-

- Upstream Water Quality Profiles

Upstream water quality was measured by means of a portable YSI dissolved
- oxygen/temperature probe connected by a cable marked at 0.5-meter intervals. According to
the plan and its approving order, measures were required at 1-meter intervals. Measures of
temperature and dissolved oxygen were taken approximately every ten days at the upstream

L
site, starting May 31 when equipment was deployed and ending September 26, 2002.

- Two additional profiles were carried out for the month of February of the same year, Due
to their timing the results were reported earlier this year, but after the Year 2001 report had
been filed. These 2002 results are included with this report.

-

White Water Associates, Inc. Page 3
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Upstream Temperature Monitoring
- In addition to affording a location for water quality profiles, the upstream site was the
point of deployment for a temperature probe, Ryan TempMentor II, programmed to record
- temperature hourly. The temperature probe was factory calibrated before the study. The probe
and datalogger, joined in a buoyant plastic cannister, were suspended from a weighted chain
- about 6 feet (2 meters) below the surface. Every two weeks, when the site was visited for
profiles, the probe was checked to make sure it was functioning properly; data was downloaded
- via a laptop computer at the end of the season. The unit collected data from June 1 through
September 30,
[ ]
- Downstream Dissolved Oxygen and Temperature Monitoring
Visits approximately every ten days coinciding with upstream profiles were scheduled
- to service the Hydrolab Datasonde 3 probe deployed below the dam. The datasonde was
programmed to measure dissolved oxygen and temperature hourly, as well as several related
- water quality and operational parameters. Standard service included calibration checks and
downloading of data, as well as occasional programming for monitoring runs. Standard
- membranes were used for the unit’s dissolved oxygen probe. Two datasondes were used during
the course the study. Any interruptions in readings due to servicing were noted for purposes of
- data management and analysis. The units collected data from June 1 through September 30.
The downstream site was a steep scramble down a heavily wooded hillside adjacent to
- the hydroelectric facility, minimizing the opportunity for theft or destruction. For further
protection, the unit was encased in an slightly oversized PVC tube with holes on the probe end,
chained to a tree on the riverbank. Weights held either end of the tube down to prevent shifting.
= Data Management and Analysis
- Data collected from the profiles were placed in an Excel spreadsheet table for purposes
of presentation and graphing. Percent oxygen saturation was calculated from temperature and
dissolved oxygen using anomogram published in the 1975 book Limnology (Robert G. Wetze!,
= W.B. Saunders Co., Philadelphia); results were placed in the same table.

White Water Associates, Inc. Page 4
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The upstream temperature probe requires special software to communicate and download

- data. The result is two files associated with each download: a data file (basically a long string
of temperature measurements with no indication of time or date) and a header file (data

- manually entered in the tempmentor during setup and deployment, including the start time/date
and interval). These two files together allowed preparation of Excel spreadsheet tables giving

- all hourly measurements of temperature, together with daily maximums, minimums, and
averages. These results were graphed to show a line of points for daily average, with a vertical

- bar through each point giving the maximum and minimum readings for that day. The tables
and graphs were formatted to display one month of data at a time.

- The downstream dissolved oxygen and temperature probe was slightly more sophisticated
in its data handling than the upstream probe. The unit’s internal data files allowed storing date
and time with cach reading. Nonetheless, the data had to be arrayed in an Excel spreadsheet

“ table for proper presentation, including calculation of daily averages, maximums, and
minimums, and graphing. The graphs were the same format as those prepared for the upstream

“ site. Any data loss due to servicing was noted on the spreadsheet. The results were formatted
to display one month of data at a time.

- A comparison of temperatures collected hourly at upstream and downstream sites was
produced. First, a spreadsheet was created to show a long list of data points for the two sites.

- | Second, the difference between downstream site and upstream site was calculated. Third, the
resulting table was used to produce graphs, broken down by month, showing all the raw data.

- As an additional step, the differences were arrayed similarly to those tables and graphs
previously described to present daily averages, maximums, and minimums of these differences.

- As this is the third and final year requiring reporting of monitoring results to FERC, we
prepared analysis materials to compare deployments for each of the three study years: 2000,

- 2001, and 2002. A graph showing both temperature and dissolved oxygen during the full
monitoring season were prepared for each of the three study years. Another graph was prepared

- combining average daily dissolved oxygen measurements below the dam for the three years of
deployment.

As indicated in the study plan, computer data are being provided to the agencies, MDNR

- and USFWS, as part of the submission for review. The format of the raw data presented certain
limitations (for instance, the upstream monitor does not record date and time with the

“ measurement). Also the fact that more then one unit and deployment bout were used during

White Water Associates, Inc. Page 5
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the course of the study made it difficult to discern how the individual files make up the data set,
- without reviewing detailed records of service activity. For convenience of the reviewer, we
compiled all the raw data into a single “processed raw” data file for each location, appended
- date/time where néc&ssary, and included any annotations useful to the reviewer. Besides these
processed raw data files, the tabular and graphic presentations were also provided. The files
- provided at the review stage were ail in Excel 2000 format. An accompanying README.XLS
file describes all the individual files making up that submission,
FINDINGS
-
- In this section, we describe our findings within the four categories just described under
Data Management and Analysis in the Methodology section and considered in the past two
- years of reporting. In addition, discussion has been added that compares results from all three
years of monitoring under the heading “Comparison of Results With Previous Study Years.”
-
- Upstream Water Quality Profiles
Measurements of dissolved oxygen and temperature at 1-meter intervals were taken
- weekly starting May 31 and ending September 26, 2002. The results of those measures and
subsequent calculation of percent oxygen saturation arc presented in Appendix C. At no time
- was there any dissolved oxygen readings below 5.0 mg/L (the exceedence limit) even near the
bottom of the 4-meter range in depths, and readings were usually substantially higher. Week-
- to-week variance was likely caused by normal variation in the field equipment, despite regular
calibration. Temperature readings ranged with the depth, from surface depth highs of 28.6°C
to mid to bottom depth lows of 10.2°C; these readings were compared to data from the remote
- temperature probe taken during the same time period.
Two additional profiles performed February 2002 yielded dissolved oxygen readings
= varying from 12.3 to 14.7 mg/L, with the average over the two visits across all ten readings of
about 14 mg/L.. Temperature always read 1.5°C or below.
-

White Water Associates, Inc. Page ¢
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Upstream Temperature Monltoring
“ Readings of the Ryan TempMentor, the unit responsible for upstream temperature
measurements, were collected at a fixed depth of about 6 feet (2 meters) rather than taken as
- a profile across the water column as described in the previous section. Continuous hourly
measures allowed presenting and graphing all data points from its deployment June 1 through
- the end of the study September 30. Temperature readings ranged from a high of 28.9°C in
early July to a low of 10.1°C in late September, and averaged 20.5°C for the entire span. The
- results are shown in tables and graphs for these four months (Appendix D). Monthly averages,
maximums, and minimums are presented in the following table:
-
Upstream Temperature (°C)
- Year: 2002 Average Maximum Minimum
June 19.4 26.6 13.0
- July 245 28.9 20.1
- August 208 242 17.8
September 17.1 23.5 10.1
- Downstream Dissolved Oxygen and Temperature Monitoring

The Hydrolab Datasonde 3 responsible for downstream measurements recorded
- dissolved oxygen in addition to temperature. This record on a continuous hourly basis allowed
presentation of the data, in tabular and graphic forms, from the unit’s deployment June 1
through September 30. The results are shown for these four months in Appendix E

(temperature) and Appendix F (dissolved oxygen).

- Due to the servicing necessary to maintain this equipment, on several occasions units
were out of the water during time programmed for readings because a site visit was in progress.
A “missing” reading is represented by an asterisk (*) in the data tables.

= Early in June, it was clear that the umit initially deployed, while consistent and
functioning, was incorrectly calibrated. Independent checks using a handheld YSI dissolved

- oxygen meter at the regular service visits indicated measurements were approximately 2 mg/L

White Water Associates, Inc. Page 7
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below calibration. The standard specified by Article 404 is dissolved oxygen measurements
- of 5.0 mg/L or above, and the raw data indicated some excursions from the standard on four
occasions before the unit was replaced with a unit calibrated in the laboratory. As this was a
- clear case of a calibration problem, the agencies were not contacted. For data collected during
the four periods starting June 1 and ending July 15, the data was corrected with a fixed
- correction factor, based on the difference between the YSI meter and the Hydrolab Datasonde
(1.97, 1.9, 1.96, and 1.7, respectively) during those periods from deployment/check.
- After deploying the new unit and throughout the remainder of the monitoring, any
difference between the YSI meter and the datasonde were considered gradual changes in
- calibration due to membrane fouling and were handled by a graduated post-correction factor;
that is, if the Y'SI meter read higher by 1.65 at the check, then readings from the previous period
were corrected on an incremental (linear) basis so that earlier readings had the least correction
and the last reading had the full correction. Specifically, the formula used was as follows:
- Actual reading + (difference * n / total number of readings during the correction period)
- where: difference = YSI - datasonde reading at time of check
(a positive or negative value)
and n=the number of that reading in the correction period
-t

Starting July 15, when this correction method was first applied, the post-corrected

- values for DO were as follows: 1.65, -0.34, -0.53, 0.2, -0.59, and -0.97. On two occasions no

correction value was applied on a range of values, when the YSI meter and the datasonde were

- in close correspondence. The data files submitted to the agencies show both corrected and

uncorrected values for dissolved oxygen, clearly marked. Graphs and tables submitted in

Appendix F are all for corrected data. The monthly averages, maximums, and minimums for
temperature and dissolved oxygen are as follows:

White Water Associates, Inc. Page 8
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Downstream Temperature (°C)
Year: 2002 Average Maximum Minimum
June 19.67 27.17 13.21
July 24.70 29.21 2034
August 21.09 24.48 18.08
September 17.39 23.42 10.29
Downstream Dissolved Oxygen (mg/L) corrected
Year: 2002 Average Maximum Minimum
June 8.64 10.64 6.86
July 7.67 8.94 6.08
August 6.92 7.82 5.77
September 8.52 10.41 6.46
-
Comparison Between Hourly Temperatures at Sites
- Continuous hourly temperature readings upstream and downstream of the dam allowed
- the comparisons hour by hour between upstream and downstream sites. The data are presented
in tabular and graphic forms in Appendix G for the four months involved. In addition to the
- daily averages, maximums, and minimums reported in those tables, the following is a table
showing these differences compiled over a monthly basis:
- Delta Temperature °C (Downstream Minus Upstream)
- Year: 2002 Average Maximum Minimum
June 0.6 1.1 -0.8
- July 0.5 0.9 0.6
August 0.5 1.1 0.9
- September 0.6 0.9 -0.3

White Water Associates, Inc. Page 9
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Delta temperature in this case means “downstream minus upstream” so a positive
- number indicates that the temperature downstream was higher than the temperature upstream.
Looking at the averages in the previous table, it seems that unit(s) downstream tended to have
- higher readings (averaging from 0.5 to 0.6°C) but differences of this magnitude could be due
to variations in tunings of the factory-calibrated units. Swings in the positive direction never
- exceeded 1.1°C. Swings in the negative direction (i.e., temperature upstream higher than
temperature downstream) were as great as -0.9°C. At no time, did the “downstream minus
- upstream” temperature difference exceed the delta standard of 5°C.
-l
Comparison of Results With Previous Study Years
- The inverse relationship between temperature and dissolved oxygen is clearly evident
in the first three graphs provided in Appendix H, showing the two parameters for each of the
- three study years. To generalize between the three years, the lowest dissolved oxygen readings
always occurred between late July and carly August. The fourth graph in Appendix H
- iltustrates the basis for this statement.
The study conducted last year, 2001, was the only period of the three years involved in
the current monitoring study when dissolved oxygen excursions from the standard were
- reported in a formal incident report. Follow-up analysis reflected in correspondence included
in last year’s final report (and again this year) as Appendix I, concluded that the water quality
“ standard of 5.0 mg/L was not exceeded and gave supporting evidence for this conclusion.
Year 2000 results for temperature indicated readings lower than the subsequent years.
- Year 2001 showed high water temperature readings late in the summer, compared to 2002
which showed highest temperatures early in the season. A span of high water temperature
- readings in August 2001 corresponded to historically high air temperature readings during the
same period, in part responsible for the excursions reported and later explained together with
- calibration problems in correspondence included in Appendix L
-
L]
- White Water Associates, Inc. Page 10
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DISCUSSION AND RECOMMENDATIONS

-
Water quality measurements for the entire 2002 monitoring season were within normal
- ranges expected of this study setting and time period. Dissolved oxygen and temperature
profiles were typical, with both decreasing slightly with depth. Differences in temperature

-

readings upstream and downstream of the dam were low, less than 1.4°C, at all times.
Dissolved oxygen readings below the dam never exceeded the standard of 5.0 mg/L, applying
- calibration factors determined through checks with independently calibrated probes.

This year’s summary of results mirrors those of the previous two years, 2000 and 2001.

- The excursion reported in a special incident report in 2001 was later concluded to be primarily
caused by a problem in calibration; procedures adopted this year for calibration and checking

- would have likely further confirmed this conclusion and allowed more accurate representation
of data from that year.

- The visits every ten days to service the downstream monitoring probe meant that any
maintenance, calibration, or exceedence problems were dealt with reasonably soon, The plan

- originally submitted to and approved by FERC calls for calibration visits every two weeks and
data download visits every week.

Our recommendation in the draft report distributed to the MDNR and USFWS was that
further monitoring be done on the frequency of every five years and confined to a one-month
period from mid-July to mid-August. We proposed that the study be done in much the same

“ manner as this year’s application of the study plan, with independent temperature measures and
dissolved oxygen profiles conducted at the upstream site and a continuous monitoring dissolved
“ oxygen and temperature probe stationed downstream.
The MDNR responded to our draft report with the comrespondence included in
- Appendix J. (Note that the USFWS did not respond within the timeframe required for this
filing.) The MDNR’s comments concurred with the recommendation of a frequency of every
- five years for monitoring, but suggested the agency would prefer the study period be two
months rather than one month (mid-July to mid-August) suggested in the draft. We agree with
- their recommendation and suggest a two-month period including July and August.
-

White Water Associates, Inc. Page 11
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A Plan for Monitoring
- Dissolved Oxygen and Temperature Levels
in the Paint River in the vicinity of the
Crystal Falls Hydroelectric Facility
- Introduction

On October 18, 1995, the Federal Energy Regulatory Commission issued a license for
- the City of Crystal Falls to continue to operate and maintain the 1,000-kilowatt Crystal

Falls Hydroelectric Project, No. 11402, located on the Paint River in Iron County,

Michigan. This license is subject to various articles. Among those articles, Article 404

- specifies that “Within 6 months of the license issuance, the Licensee shall file with the
Commission, for approval, a plan to monitor dissolved oxygen (DO) and temperature
levels in the Paint River downstream of the project. This report is intended to provide

- the plans for implemeatation of the DO and temperature monitoring program in
accordance with Article 404.

-

Article 404 of the Commissions's license, requires that the water quality data (DO and
temperature) would be compared to Michigan State water quality standards. According
- to these standards (R323.1041), the Crystal Falls hydroelectric project should not
influence DO or temperature beyond specified limits as follows: a DO of at least § mg/1
should be maintained; and a heat load shall not be received that would warm the waters

- at the edge of the mixing zone by more than 5°C above natural water temperatures, or
greater than monthly maximums.
- A draft plan for monitoring DO and temperature was prepared and forwarded to the

appropriate resource agencies for review in February, 1996. The Michigan Departments
of Natural Resources and Environmental Quality prepared a joint reply and the Fish and
- Wildlife Service concurred with their comments - these entities are hereinafter referred
to as the “Agencies.” A copy of the draft plan, and the Agencies’ comments are attached.
The draft plan intended to monitor dissolved oxygen and temperature in the Crystal Falls
- impoundment and at a downstream location only during the times when the activities
related to the proposed Barrier Net Effectiveness Study would be in operation. This
allowed the city 1o combine efforts and maintain study costs for water quality monitoring

- to within the FERC's proposed $15,000 cost estimate (FERC Environmental
Assessment, page 65). This original plan has been substantially revised as follows to
- reflect the Agencies’ comments and due to the fact that the original Barrier Net

Effectiveness Study plan has also been substantially revised.

[
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- Study Plan

We propose to continuously monitor both temperature and DO in a mid-depth placement
- approximately 500 feet below the dam in the Paint River during the months of June
through September. Additionally, temperature will be continuously monitored at a mid-
depth placement in the Paint River approximately 500 feet upstream of the Crystal Falls
- impoundment area. A one-meter-increment profile of temperature and DO will be
obtained from the deepest part of the impoundment once a week during the months of
June through September, and twice during the month of February.

The water quality monitoring plan is proposed to take place in conjunction with the
Barrier Net Effectiveness Plan. That is, the site visits used to perform weekly fisheries

- studies for the effectiveness of the barrier net would be also used to download and
recalibrate the continuous monitoring probes, and to conduct weekly profiles of the

- impoundment. Thus, it is proposed to conduct the water quality monitoring plan during
the same two years that are proposed for the Barrier Net Effectiveness Study.

- uj nt

We propose to use Hydrolab DataSonde III probes for temperature and DO monitoring.
- The probes would be calibrated according to the manufacturers recommended procedure

every two weeks throughout the continuous monitoring period. The continuous

monitoring probes would be recalibrated bi-weekly throughout the deployment period
- and the profiling probe would be calibrated prior to each sample.

Schedule

Continuous monitoring would record temperature and DO hourly during the deployment
period. The profile of the impoundment would produce instantaneous data. It is

- proposed to conduct water quality monitoring for a period of two years. If at no time
within this two year period the water quality standards have been exceeded the Crystal
Falls Hydroelectric Project should be considered as not having the potential to violate

- state water quality standards and water quality monitoring would be discontinued. If,
however, at any time during the monitoring period, water quality standards are
substantially exceeded, the applicant shall inform the Agencies of the deviation from the

- established limits and, in consultation with the Agencies, the applicant may modify the
water sampling procedures to more closely verify the extent and source of the water

- quality problem and success of any mitigation procedure.
Reporting and Compliance

[

[t is intended to download temperature and DO data from the continuous monitoring
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probes weekly throughout the deployment period. At each download, it will be

- determined if there has been a violation of the water quality standards during the
preceding week, and if this violation is still occurring; if so, the Agencies wouid be
immediately notified by telephone and procedures to mitigate the violation would be

- attempted. If there is a violation of the 5 mg/L dissolved oxygen level at the downstream
location, it is proposed that the most likely procedure would be to implement spillage
from the impoundment surface waters to acrate the water below the dam. If this plan is

- invoked, the downstream dissolved oxygen levels would be downloaded daily to monitor
the success of this effort. The amount of spillage would be modified according to the

- success of this effort in increasing the DO as determined by the daily monitoring. The
Agencies would be kept appraised of this effort. We have no plan, nor has the Agencies
offered a solution, to mitigate any violation of the Delta Temperature Standard. It is

- proposed to report any violation of the Delta Temperature Standard to the Agencies

' immediately upon its discovery and at that time determine what, if any, solution might

exist to the problem.

-

In addition to the above reporting procedures, we would prepare an annual report to the
FERC and the Agencies. This report would include a computer diskette with all raw

- data from the continuous and weekly monitoring efforts. In addition to the raw data, a
summary of the data by daily average, minimum, and maximum DO, and temperature at
the continuous monitoring sites and weekly profiles from the impoundment would be

- provided. This report would also include an upstream/downstream comparison of the
Temperature Delta Standard.

- Agency Comments
The agency recommendations have been accommodated into our revised plan as follows:

-
a) Monitoring locations and equipment. We have added a site upstream for temperature
measurements. We intend to calibrate our probes according to the manufacturers

- recommended procedure. We do not understand their request for a 70% data quality goal
— all continuous monitoring probes would be recalibrated bi-weekly regardless of their

- accuracy to a calibration standard. We have agreed to monitor at one-meter intervals
within the deepest part of the impoundment once a week from June through September.

- b) Monitoring Schedule. We propose to monitor temperature and DO only during the

months of June through September. It is unlikely that DO would be less than 5 mg/L
during May or October and continuous monitoring during winter months is not feasible
- due to extreme weather conditions which would make access and equipment
malfunctioning a problem.. We will agree to provide a temperature and DO profile of the
impoundment twice during the month of February to determine if there exists a potential
- for ice cover to deplete DO within the impoundment during the period of this event’s
greatest likelihood.
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c) Data Reporting. We propose to provide an annual report to the FERC and the

- Agencies. This report would include a computer diskette of all raw data and a graphical
and tabular presentation of daily minimum, maximum, and average temperature and DO
values as measured during the previous year. This report will also note any violations of

- the Delta Temperature Standard or DO violations and rationale for any lapses in the data.
We do not propose to measure any other water quality parameters as suggested such as
stream flow, chlorophyl level, or instream chemistry. We do not understand what is

- meant by the recommendation for “instantancous” comparisons of temperature values,

d) Detection and Notification. Data would be downloaded weekly from the continuous

- monitoring probes (at the time of the weekly temperature/oxygen profile of the
impoundment). The comment of the Agencies seems to suggest that an hourly
- downloading and reporting is preferred but we do not understand how this is possible.

Other than the’annual report described above, no other reports would be made to the
agency unless there is a recorded violation of the water quality standards. If such a

- violation in either the Delta Temperature Standard of the 5 mg/L. DO limit is found, then
the Agencies would be immediately notified by telephone and a remediation or
mitigation procedure would be invoked. We would, as suggested, notify both the Chief

- of Surface Water Quality Division of the Michigan Department of Environmental
Quality, and the FERC Program Manager for the Michigan Department of Natural
Resources within one working day of any detected water quality standard violations.

-
e) Mitigative measures. If water quality standards arc violated we intend to notify and
work with the Agencies to mitigate those violations. The exact nature of the mitigation

- measure would depend upon the significance of the violation and the environmental
conditions contributing to or otherwise affecting the ability of the applicant to remediate
or mitigate the violation.

-

f) Initial monitoring period. We disagree with the requirement for long term monitoring.
An initial period of two years should be adequate to assess whether there exists the
- potential for significant effects of the hydropower facility on the Paint River water
quality. Furthermore, the FERC Environmental Assessment concluded that the water
quality monitoring plan should cost about $15,000. It is our estimate that the plan we
- have proposed will somewhat exceed that estimate. To extend the monitoring plan
beyond two years would substantially and unreasonably exceed that estimate. Extended
monitoring is regarded as necessary.only if the initial two-year monitoring indicates that

- there is potential for significant water quality degradation from the hydropower
operations that warrant further monitoring to develop and/or monitor long-term

- mitigation measures.

|
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UNITED BTATES OF AMERICA
FEDERAL ENERGY REGULATORY COMMISSION

city of Crystal Fallam ) Projeot No. 11403-013

ORDER APPROVING WATER QUALITY MONITORING FLAN

{ Issued April 10, 19%7 )

city of Crystal Falis (licensss) filed for Commission
approvnlf on Hovesber 1%, 1996, and supplemanted on November 20,
1996, a woter guallty monitoring plan. This plan is required by
article 404 of the lic-nnn for the Cryatal Palle Project, imsued
on Octobar 18, 1998, 1/ The project 1ls locatsd on the Paint
River in lron County, Hichigan.

Articla 404 requires the licanses to conswlt with Michigan
Daepartment of Natural Resourcas (MDHR) and the U.8. Fish and
Wildlite Sorvice (FHE) and develop s plan to monitor dissclved
oxygan concentrations (DO) and water temperaturs levels at the
project. 2/

LICENSEE'S PROPOSED PLANM

The licensea plans ta monitor DO tor two years in
cohjunction with implemantation of the licenssa's barrier nat
atudy. J}/ Speciifically, the licenses proposss to continuously
monltor water temperature and bo at mid-depth approximately 500
fost downstream of the dam and approximatsly 500 fest upstream of
the impoundment (vater tempersture only) from Juns through
Septasher. One-meter incremsnt profiles of water tempsrature and
DO will be taken once a wesk from June through Ssptesbar and
twice during the month of Fabruary for water temperature and DO.

The licenses plans to usa NMydrolab DataSonde ILII probes for
tha watar quality monitoring. Water tempesratura and DO will ba

1/ 1) FERC § 62,0)6. Ees also Ovrder an Rehearing, issued on
Ny 17, 1996 (75 VERC § 61,174).

i/ State standards require a DO of at lesst 8 milligrams/liter
{(mg/1} snd the waters downstream shall not receive a heat
load that would warm ths receiving water at the edge of the
mixing zone by more than 3° F above natural water
tesperaturas. Further, the Paint Rivar shall not recaive a
heat load that would warm the receiving watar st the edge of
the alxing zons to tesperaturss grester than monthly
saximums.

A/  This plen was approved in the Ordar Modifying and Approving

Plan for the Installation and Monitoring of & Barrier Mat,
issusd on May 10, 1996 (75 FPERC {1 63,102).

DC-A-12

Projeot No. 11402-013 -2-

reacorded hourl during the monitoring paricd. The licenses plans
to calibrate the continucus monitoring probes every two wesks
during the monitoring pericd snd the profile probes prior to each
sample, sccording to manufacturar's instructions.

The licensea gllns to download DO and water tamparaturs data
Hoakl{. At this time, the data will be reviewed to detarmine if
a deviation from stats standards has ccourrsd. If a deviatjor in
DO or water tsmperature occure, the licesnsaa plans to inform the
agenaise immediatsly snd detarmina vhat, if sny, mitigative
REASUrss are negesssry. If additions] measures ars implemsnted,
tha licensse plans to download data daily to more clogsly monitor
changes in water qunltt{ in responss to the measurss implemented.
In tha avent of DO falling below state standsrds, the licensca
plans to increass spillaga. If watar tewmparaturs standards sre
excasded, the licenses plans to immedlately contact the sgencies
to determina what, if any, measures can ba taken.

The licenses plans to submit a report to the agencies and ta
the Commlesion each year of ths two-yesr monitoring pericd. 1This
raport would include DO and water tamparature daily averages,
sinimum and maximums, and DO and water temperature profile data.
The report would aleso provide comparisons batveen upstreas and
downstream water temperatura, If at no time within the two-yuar
monitoring paricd the water quality standards have bsan sxceeded,
the licenses will coneider the project to have no sdvarase eff.ct
on water quality snd will discontinue the sonltoring,

AGENCY COMMENTS

The MONR commented on the proposed plan in a letter dataed

April 1, 1996, The FWS did not provide comments on tha propo:.ed
plan.

The MDNR rscommends the wonitoring periocd extend from May-
Octobar for at least thres years. After thres years, the
licenses may rasguest to changs the frequency of monitoring. The
HDHR also recommends that vater tamperature be monitored -
continuously given that violations could ocour in any ssason.

Manitoring locetions should be selected in consultat on with
MONR,

Thas MDNR raquests that all monitoring equipmant be valldated
with an indepsndant wmeasuremant system such as s Hational Buraau
of Btandards thermometar for temperature and a Hinkler analysis
for DO at tha end of sach unattanded monitoring periocd. Further,
70 percent of the DO data should be verified as msccursts to
vithin 3} milligrem/liter (wg/l) of tha true DO value, Weakly
sarvice visite should be scheduled for quality assurancs.
Further, the HDNR suggests a real-time evaluation of the data to
provide for immediate detection of a devlation from stats
standards.
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Ragarding reports, the MDNR requeats that DO valuss be
compared hourly to the stats DO standard snd delta tempsraturs
valuae ba compared instantanscusly. Plausible axplanations for
any deviations should be provided in the reports, along with a
description of the affectiveness of any msasuras implessnted to
improve watar quality. Tha MDNR also requests qunrtnrl!
transeittals of raw data along vith inforsation pertaining to the
callbration of equlpment during that quartaer.

Other commente by NONR wers incorporated into the licansse's
proposed plan.

DIECUSSION

The licensss's proposed water quality wonitoring plan
includes thoss requirements stipulatad in article 404 of tha
licanse. Implementstion of the proposed plan should snable the
licansee to monitor the effects of project otorntlon on water
tepporatures and DO. Calibration of the monltoring sqguipasnt
sccording to manufacturer's recommendations, ss propossd by the
licanaas, should ba adequate to eansurs acourate data are
collectad. To tha extant practicabla, the licenses should chooss
nonitoring lccations in coordination with tha KDHR and rvs.

Article 404 of the licenss states the purpose of the plan s
to ensure that water quality below the project, as measured
immediately downstrsam of the project tallrace, maintsin the
Michigsn standarde for DO snd water tempsratura. Purther,
article 404 raguires the licansee davelop operating proceduras to
addrase when deviations from state standards occur.

Monitoring from June-September, ss propossd by thas licensas,
encompasses the pariod when warmer tcnforlturol are expscted,
thus affecting low DO. Therafors, devistions from state
standarde should ba detected upon implesantation of the
llcenssn's proposad plan. However, sonitoring for only two
yesrs, as propossd by the licensse, will not west tha purposes of
the plan. Article 404 requires monitoring to ensure stats water
quality atandards are mat. The licenses cannot meat this goal if
monitoring is discontinued,

Commission statf acknovledges that water quality data
collected prior to licensing indicats project operations do not
result in violatlons of the state vater qullit{ standarde., 4/ 1If
after implementation of monitoring, tha data still indicates that
project operations do not sdversely affact water guality in the
proioct ares, the licenses may file a raquest to wodify tha vatar

4} Bee the Environsental Asssssment for Application for Licanse
for the Crystal Falle Project, lssued on Cctobar 18, 1995
(7?3 FERC { 62,036).

Project No. 11402-013 -4-

quality monitoring plan, ss racomsendsd by the MDNR. Any
recommendations to smend the water quality monitoring plan
should be filed for Commission approval, as discussed helow.

Providing annual reports to tha agsncies and immadiately
contacting the FWS8 and MDNR upon detection of any deviation from
the state atandarda, as profoncd, cshould provide the agenclea
with the results of the mon toring in a tgnoly mannar, Theas
reportas should include, to the sxtent posaible, axplanations for
any deviations snd the effactiveness of any measures implemented
to improve water quality, as recoamended by MDNR. Quarteriy
reports of water quality data, as requested by MDNR, are not
necessary., The licensse did not provide a schedule for
subaltting thess reports to the agancies or to the Commission.
The licenses should provide annual report(s) to these agepcies by
Dacembar 13 of each year of monitoring.

1t ils only hecemsary to provide the snnusl report to the
Comalssion for the first thrae ysars of monitaring. our revies
of the annusl report for a threas ysar period will allow us to
avaluate water qunlit{ during proxact opsrations. Tha annual
raport to the Commission should be filed by Pabruary 1% of the
ysar following monitoring. The filing should include agancy
commants, the licensea's response to agency comments, and any
recomasndations, for Commission approval, for modifying or
discontinuing water quality monitoring., Each agency should be
given 10 da{- to comment. If thers are no changes to the water
quality monitoring plan, the licensee should continue to provide
the snnual reports to ths consulted agancies as identifiasd in the
licenssa's proposed plan. $o that the Commisaion can wmonitor
compliance with article 404, the licenses should notify the

Commission of any deviation from the atate standards tor bo amd
vater temperaturas.

The MDNR racommends the licenses analyze data in real tims
to imsediately determine if a problem in water quality exists.
The licenses proposes to retriave data biwsekly. Glven that t'e
avallable data indicates no existing water quality problaas, ar
discussed above, the licensas's schedule appears adequate.
Purther, when thes licensae dces detect a problem, the licensea
plans to retrieve data dally, aftar contacting the agencies to
detersine what measures should be implementead in efforte to
improve water quality. Therefore, the licensee can timely note

any improvemants in wvater quality resulting from any measurea
implamanted.

Tha licensas proposes to consult with the WS and MDNR to
determine what measuras are appropriate in efforts to improve
wvater quality. The licenmas spacifies that the most likely
neasure to improve DO is to increase spill, Thie ahould be
adequate. Howevar, if additionsl measures are necessary, or if
the parties disagres on vhich measures are appropriate, the
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Commismion should deterwinas which, if any, additional measursa
aAIs Necassary to lmprove watsr quality.

The licenses's water quality monltoring plan, with the
nodifications discussed, should be adequate to monitor tha
requiremente of article 404 and should ba spproved.

The Dirsctor ordecs:

(A) The licsnses's water quality monitoring plan, filed
with the Commission on Movembar 19, 1996, and supplamented on
November 30, 1996, ss modified in paragraph (B), ls approved,

(B) The licensae mhall monitor dissolved oxygen
concantrations and water tampesrature at the project for the
remainder of the license tarm. The licenses shall file annual
reports with the Cosmisaion for the first thras yasrs of
wonitoring. Thess reports shall be filed by February 15 of the
ysar following monitoring and shall include agency comments, the
licenses's responss to agency comsments, and any recomsendations,
for Commission approval, on modifying the water quality
monitoring plan.

{C) 1f DO or water temperatura, as meanured by the approved
monpitoring system, falle balow that required by article 404, the
licenses shall file a report with the Cosmission within 30 days
of the date the data bscomes avallable indicating an inoident has
occurred, The raport should, to tha extant mlble, idantify
the cause, sevarity, and duration of the Incident, amd an{
observed or reported sdvarse environmantal lspacts resulting from
ths incident. Tha report should also inocludet (1) operational
data neceagsary to deatermine complianca with srticls 404 (2) a
dsscription of any corractiva measures implemented at tha time of
occurrence and ths mseasures lmplamsnted or proposed to ansure
that similar incidents do not recur: and (1) comments ar
corr.nfondonc-, it any, received trom the rescurce agencies
regarding the incident., Based on the report and the Commission’s
avaluation of the incident, the Commisaion shall ressrve the
right to require modifications to projeot facilitiss and
oparations to ensure futurs cosplisnca.

(D) Unlass otharwise direcoted in this ordar, the licensse
shall file an original and saven coples of any filing raquired by
this order with:

The Secretary

Faderal Energy Regulatory Commission
Mall code: DLC, HL-11.3

838 First Strest, WK

Washington, DC 20428

Praject No. 11402-013 -8~

In addition, the licensee shal) sarve copiss of thesa
filings on any entity specified in this order to be consulted on
matters related to theme filings. Proof of service on these
entities shall accompany the f lings with the Commission.

(E) This order constitutes final a ency action. Requesats
for rehearing by the Comaismion may be filed within 30 days of
the date of issusnce of this order, pursuant to CFR ¢ 385.713.

/' .’(:4(: : (._/'///L(%____
evin P, Madden

Acting Dirsctor
Oftice of lydropower Licensing

:#39)D0Q UT €£€00Z/6Z/20 D3SO 0WdI Aq PIATI09Y L0Z0-92Z0£00Z JO I0d PIIPIDUSD-DYII TeTOTIIOUN

¥S0-20%¥11-4d



Unofficial FERC-Generated PDF of 20030226-0207 Received by FERC OSEC 02/25/2003 in Docket#: P-11402-054

- -

-

-

-l

-

- Article 404. Within ¢ months of license Llssuance, the
Licenses shall flle vith the Comsission, for approval, a plan to
monitor dissclved aoxygen (DO) and tamperaturs lsvaels in the Paint
River downstresm of ths project.

-, Tha purpose of this monitoring plan is to ensure that
atreanflovs balov the project, as measured immediately downatream
of the.project tailrace, maintain the Michigan standards for DO
concentration and temperaturse.

- The monitoring plan shall include provisions for (1)
monitoring of DO concentrations and temperaturs levels in the
impoundment and dovnatream, with sensor locations and sampling
- tragquently detarmined in consultation with the Michigan
Department of Matural Resourcaes (NONR) and the U.S. Pilsh and

- "
wildlife Service (FWS); and (2) the preparation of operating
procedures developed in consultation with XONR and FuS te sddrass
vatar quality conditions which devista from the above limits.

- The Licenses shall prespars the ghn aftsr consultation with
KDNR and FWS. The water quality monitoring plan ahall include a

scheduls fort

(a) implementation of the program within 24 months from the
- date of issuance of licanse)

(b) consultation with MDNR and WS concerning the results
of the monitering: and

- {c} filing the requests, agency comments, and Licenses's
rasponss to agency comments with the Commismsion.

The Licenses shall include with the plan documentation of
conaultation, copies of comments and recomssandations on the
cospleted plan aftsr it has been prepared and provided to the

- . agencies, and specific descriptions of how the agencies' comments
are accommodated by the plan. The Licensee shall allov a siniwum
of 10 dlil for the agencies to comsent and make recommendations
bafore flling the plan vith the Commission. If the Licenses does
not adopt a recomsendation, the £iling shall include tha

- Licenses's reasons, based an proiect-specific information.

Tha Commission reservas the right to require changes to the
plan. Upon Commission appraval, the Licensse shall isplemsent the
DO concentration and temperaturs sonitoring plan, including any
- changes ragquived by tha Commission.
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- APPENDIX B

- Map
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- APPENDIX C

- Upstream Water Quality Profiles
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- Crystal Falis Hydroalectric Project
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- APPENDIX D

- Upstream Temperature Monitoring



Hourly Temperature Readings: Crystal Falls Hydroelectric Project (Upstream of Dam), June 2002
Day of Month

Time
12:00a
1:00a
2:00a
3:00a
4:00a
5:00a
6:00a
7:00a
8:00a
9:00a
10:00a
11:00a
12:00p
1:00p
2:00p
3:00p
4:00p
5:00p
6:00p
7:00p
8:00p
9:00p
10:00p
11:00p

Avg.

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20 2

22 23

24

28

27

28

29 30

204
23
202
200
188
197
107
198
19.7
197
201
202
208
2028
209
218
210
21.0
208
28
205
2.3
20.2

20.0

190
190
185
194
192
18.1
19.0
19.0
1.0
10.1
193
195
197
197
198
19.9
108
106
18.5
162
16.0
138
186

18.2

180
179
178
174
17.4
172
170
109
1628
168
168
10.7
1.0
185
168
165
104
163
18.2
10.2
180
159
150

158

154
152
15.0
14.0
147
147
U7
144
144
142
143
14.2
14.2
142
142
14.2
141
141
14.1
14.1
139
139
130

13.7

138
138
13.4
13.4
134
131
131
134
131
13.0
133
1386
137
14.4
1438
150
15.1
150
15.0
15.0
150
149
1408

144

144
145
14.5
14.4
144
14.4
14.5
148
148
180
15.3
157
18.2
184
100
168
108
189
17.0
17.3
178
177
178

174

173
172
17.1
189
188
168
168
168
188
17.0
172
174
178
182
18.6
100
18.1
191
19.1
101
181
100
19.0

18.0

19.0
100
189
183
188
180
1886
188
188
18.8
16.0
190
19.2
10.4
105
198
198
168
107
197
10.7
198
197

164
193
10.2
18.1
18.0
18.0
8.0
186
10.0
19.0
18.0
10.2
193
1948
196
190
2.0
200
20.1
we
198
19.8
198

19.8

10.6
105
103
193
191
19.0
10.0
191
19.1
182
194
19.7
22
201
2.2
2.5
20.5
2058
210
24
272
211
209
2086

208
205
205
28
205
25
208
207
208
211
2.3
214
215
218
218
220
218
27
215
214
202
210
28
208

200
205
204
203
202
202
200
190
18.7
10.5
194
18.3
18.2
182
10.0
190
188
188
188
186
184
184
18.3

18.3

1082
181
18.1
180
180
178
178
178
178
178
17.7
178
170
17.8
173
176
175
174
174
17.4
173
173
17.4

17.3

173
174
174
173
173
17.4
17.2
172
171
174
10.9
189
174
17.0
17.0
170
189
174
171
171
171
174
7.1

17.2

17.2
17.2
17.2
17.0
106.8
108
10.2
150
167
15.8
156
15.6
158
158
180
101
16.2
1083
16.2
18.2
162
168.1
16.0

169

138
158
158
153
15.2
150
150
149
149
14.9
15.0
15.2
15.4
158
18.2
18.4
18.7
168
171
172
17.1
171
174

171

170
18.9
168
187
186
182
161
150
158
158
159
150
101
163
108
188
17.2
17.8
177
7.8
180
130
18.2

18.3

133
183
183
182
181
179
176
175
174
174
174
17.3
174
176
178
180
18.2
184
18.5
188
19.0
100
168.0

191

168.2
182
192
193
18.3
191
18.1
10.0
189
188
188
185
184
184
132
182
181
18.1
181
182
18.2
18.2
18.2

18.3

183
184
184
18.5
18.4
18.5
1856
186
185
188
188
19.0
18.2
198
200
2.1
202
204
204
2.3
23
203
203
20.3

203
204
204
205
2.5
205
208
20.0
7
207
2.8
209
210
210
211
210
209
200
208
207
2.7
205
205

2.3

202
202
201
20
20
200
20
19.9
0.0
200
2.1
201
202
202
20.2
07
2038
2089
2028
208
210
28
208

20.8

200
200
205
205
2.5
205
25
2080
208
210
211
211
2.2
1.2
213
2.8
218
258
ns
214
216
214
23
21.2

21
210
298
208
2.8
208
2.7
27
2.7
207
208
29
210
N3
213

217

32

230

n2

22

224

232

232

28

237
238
28
23
2.2
232

23,1

231
29

230

231
233
23
238
238
238
a7
234
n3
232
3.2

231

230
231
231
230
230

29
230
230
231
232
233
238
3.0
243
245
245
244
24.2
240
238
28
23.5

23.5

234
224
23
234
234
234
235
235
237
239
241
242
24.4
249
251
251
250
249
252
253
253
250
250

240

4.7
245
245
244
244
244
248
45
248
249
250
253
%8
268
%8
258
258
258
205
26
28
265
25

20.5

211
196

203

169

18.2

103

180
15.8

187

1654

137

144

1561
130

14.0

7.7
144

59

191
163

17e

108
186

102

201
1889

10.4

214
10.0

200

205

21

208
183

194

18.2
173

177

174
180

171

17.2
158
162

17.2
140

158

183
158

1828

19.1
17.3

18.1

19.8
181

188

204
183

19.3

21
2.3
207

210
1980

204

215
25
2.0

27

21.3

228

238

230

238

231

245

235

253

233

243

20
244

264
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Hourly Temperature Readings: Crystal Falis Hydroelectric Project (Upstream of Dam), July 2002
Day of Month

Time
12:00a
1:00a
2:00a
3:00a
4:00a
5:00a
6:00a
7:00a
8:00a
9:00a
10:00a
11:00a
12:00p
1:00p
2:00p
3:00p
4:00p
5:00p
6:00p
7:00p

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20 21

2 23

24

26 27

29

30 N

2.3
28.2
2.0
280
259
259
28
20.0
202
24
25
29
274
275
e
7.7
277
279
2re
282
25
288
281

28.1

279
277
7
s

7.4

7.2
72
273
7.4
278
217
280
283
2%
8.7
282
8.4
a8
- X
284
282

28.1

e
278
7
273
76
273
273
e
27.2
272
2713
213
2713
281
e
25
28.%
287
204
283
280
ar7
a7

7.3

273
271
271
29
268
28
205
202
»2
22
2.2
2.3
25
20
228
28
2o
7o
Vi)
28
208
22
29

27

2.3

249
248
244
242
242
241
241
242
242
FY
23
244
249
250
280
20
2%0
48
244

243

242
240
ne
238
237
25
234
233
n2
231
232
2n2
23.2
233
233
234
238
28
238
20
240
<X
238

24.2

48
7
245
243
242
2.1
20
7
28
241
243
248
249
250
25.0

254

2.2
20
285
%9
21
202

8.1

281
257
250
256
254
253
22
252
252
251
251
250
21
23
253
258
258
281
202
22
201
200
258

25.7

285
254
21
a1
2.0
20
240
47
247
40
250
20
2.1
%5
254
258
%7
2.0
2.7
25.9
25.6
5.4
282

25.0

249
4.7
46
246
4.4
42
241
239
24.0
239
240
241
242
243
4.4
48
48
45
240
4.0
244
241
240

238

28

235

3.2

231

20

-23.2

233
234
240

237

232

20

23

220
20
20

20

233
238
27
245
249
40
2485
240
237

233

232

242
24.3
247
249
250
252
250
48
247

243

24.0
238
25

235

20
221
n2
23
238
238
242
247
oA
253
2855
256
285
254
253
250

24.0

248
248
240
243
24.2
241
24.0
240
241
242
242
245
249
26.2
258
5.8
283
288
206
25
202
22
280

284

s
200
258
255
254
252
2.1
20
250
250
21
284
253
2.0
280
268
205
286
288
203
an
T2
A
27.2

790
20
286
2.4
23
202
200
259
258
25.0
2.1
282
28
72
25
278
277
270
212
ara
2.7
285
24

202

20.0
260
258
%8
5.6
254
254
8B4
251
252
26.2
253
254
254
280
200
2.2
2.0
=8
25
252
3.0
240

24.7

248
243
242
240
220
238
236
238
25
238
238
240
243
48
244
247
245
248
24.7
248
240
249
240

248

24.5
241
240
20
238
235
234
232
232
23
233
234
237
2348
28
24.3
243
240
24.2
248
250
250
25.1

249
249
24.7
245
4.5
4.4
242
243
24.3
242
4.4
248
24%
252
257
255
252
258
252
250
249
249
249

24.7

248
243
248
248
247
246
28
245
244
244
243
244
48
248
249
249
250
250
249
247
248
248
24.4

24.3

242
240
238
236
233
231
28

28

2%
25

21.9
s
s
2.7
okt
218
217
217
27
29

220

2.7
2.7
215
214
21.2
211
209
208
207
20.5
204
203

204

203 218
203
23
20.2
20.2
202
202
2041
2.2
203
2.5
27
210
213
3R}
.7
79 202
218 232
20 233
R0 227
219 235
28 235
28 231

218 230

230
3o
2.0
29
2.2
223
25
238
24.2
24.4
245
248
247
48
246
4.5
248
245
243

24.3

242
243
243
243
24.2
24.4
24.2
244
245
246
48
240
47
4.9
251

254
255
230
5.4
8.1

250
4.7
48

244

24.2
242
24.1
240
240
230
238
238
238
240
24.2
242
245
249
252
254
27
257
250
254
252
250
25.0

248

47
248
248
248
245
245
245
248
4.5
246
4.7
248
2.0
250
250
249
49
249
249
240
248
245
244

24.2

28
29

A

@87
2r.2

278

286
2r.2

ry

273
258
206

57
241

247

24.2
231

228

25

227

250

2.2
250

258

20
4.7
23

249
28
243

240

249

241

252

236

25
230

242

28
240

2.2

a1.2
250
260

278

27

8.2
4.7

235

249
ns

243

2.1
2.2

24.0

2538
242

248

2350
243

247

203

214

37
201 20

210 227

%9

238

=8
4.2

47

27
228

248

250
242

47
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Hourly Temperature Readings: Crystal Falls Hydroelectric Project (Upstream of Dam), August 2002

Time
12:00a
1:00a
2:00a
3:00a
4:00a
5:00a
§:00a
T:00a
8:00a
9:00a
10:00a
11:00a
12:00p
1:00p
2:00p
3:00p
4:00p
5:00p
6:00p
7:.00p
8:00p
9:00p
10:00p
11:00p

Min.
Avg.

Day of Month

1

2

3

4

5

8

7

9

10

1

12

13

13 16 17

18

19

20 21

22 23

24

25

28

27

28

29

30 31

240
238
238
238
235
234
23
22
232
232
231
230
1

230

7
228
24

22

218
218
F4R-]
213
211
208
207
2056
20.2
200
241
20.2
20.3
208
208
210
21
21.2
21.2
211
210
2028

206

204
202
200
107
197
104
104
194
163
193
%3
194
19.8
15.8
200
201
202
201
2041
a1
20.0
200
19.8

16.0

187
106
186
1986
194
194
163
183
193
194
185
198
197
187
169
20.2
20.3
205
208
208
o X
207
208

20.5

204
202
202
201
2.0
108
197
19.0
195
18.5
198
w07
196
202
25
2.7
208
211
212
23
214
214
213

211

211
29
2.8
207
20.4
202
199
18.6
195
194
194
16.3
185
%8
109
202
202
25
208
207
208
2028
208

20.7

207
28
205
204
20.2
2.1
19.9
107
188
18.5
195
194
1984
198
107
188
198
20
200
201
202
202
203

204

208
e
27
2048
27
207
27
20.8
2035
205
208
2.7
205
26
210
218
213
N4
25
214
24
2.4
214

214

214
M5
215
N7
N7
2.7
28
FaR }

21.8

D3
24
25

28
8
28
228
28
28
28

27
28
20

B4
28

09
238
230
4.1
234
a7
25

22

220
232
26
238
F<l.)
29
242
ns
238
238
25

23.3

n2
232
231
230

23.0

27
239
3390
240
39
n8
238
27
235

23.4

23
232
22
21
23.0

7
218
218
29

24
23

223

218 218 213

218 218 23

257 215 19

28 4 8

2185 214 214

214 211 219

214 211 210

4 N0 210

213 210 2038

214 210 208

24 211 208

275 14 208

2.7 214 210

218 218 214

214
218
218

23 a7

20 217

218 16

20 219 14

K8 8 12

27 215 210

217 214 208

208
205
205
204
203
202
20
18.68
198
198
198
201
202
203
204
205
207
208
27
26
204
202
2.0

19.8

1687
108
190
196
195
194
18.3
19.2
181
181
182
19.4
190
198
200
202
204
205
2.5
204
202
2.0
199

16.8

198 198

196 197
105 108
183 195
194 104
193 193
191 192
190 19.2
189 191
19.0 180
101 190
191 190
190 190
191 180
102 190
193 181
193 181
107 192
194 191
193 181
22 180
25 190
203 100

202 190

106 188

187 187
188 169
188 187
182 186
182 147
131 188
180 188
178 186
178 185
178 185
178 185
178 185
180 185
13.0 183
183 183
183 18.2
185 182
187 181
188 180
187 180
187 180
188 170

188 178

178
17a
7.8
17.8
178
1748
178
178
178
180
18.0
18.2
185
183
10.4
19.2
183
193
19.1
192
101
18.0
19.0

19.1

10.1
18.0
182
191
191

100
181
191
1941

192
18.5
188
108
2.2
208
205
207
200
205
204
20.2
201

199

19.8

168
197
1%me
1980
19.5
158
%7
196
107
19.9
201
25
208
212
2180
215
2.4
N4
212
214
213
210
2038

203

208
208
205
204
20.3
202
201
200
20.0
201
2041
202
203
204
205
20.7
200
210
7.0
208
2.8
208
2.0

20.5

20.5
203
202
20.0
0.0
199
107
198
108
19.0
198
198
197
19.6
199
198
198
16.0
198
2.0
201

209
FaR|

200

200
206
2035
205
204
203
23
203
2.3
203
204
208
208
2.3
20
209
212
n2
2.2

21.3

222

220
217
217
218
215
214
214
214 219
214 218
214 218
214 218
216 220
2.7
27
n7

2198

240

231

2.0

209

N4

18.3

108

20.7

183

198

214
105

20.4

iR |
192

202

207

194

2.0

218

205

20.9

4.1
286

22

242

231

24.0

24

n7

213 210 208

218 218 .2

28
19.8
203

205
19.1

198

205 108

129 190

194 192

180 18¢%

178 178

183 184

10.3
7.8

184

200
19.0

19.7

218

1956

205

210
200

205

21
19.6

200

23

2.3

209

214 218

ne 222
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Hourly Temperature Readings: Crystal Falls Hydroslactric Project (Upstream of Dam), Septamber 2002

Time
12:00a
1:00a
2:00a
3:00a
4:00a
5:00a
6:00a
7:00a
8:00a
9:00a
10:00a
11:00a
12:00p
1:00p
2:00p
3:.00p
4:00p
5:00p
6:00p
7:00p
8:00p
9:00p
10:00p
11:00p

Min.
Avy.

Day of Month

2

3

4

5

7

8

10

11

12

13

14

15

16

17

18

19

20 21

22 23

24

25

28 27

29 30

23

218

2.7

1.7

2.7

217

2.7

2.7

25

2.4

219
ne
218
N7
217
28
218

as

27
2.7
215
AR
214
212
211
2.0
2038
209
200
210
210
20
212
212
2.2
212
213
2.2
210
208
208

20.7

25
25
203
202
201
20.0
109
19.7
ne
108
190
10.7
195.8
2.0
2.2
206
208
20
210
no
208
205
2.3
201

200
108
107
19.7
9.7
197
198
16.5
18.5
19.4
194
19.4
19.3
103
192
19.2
18.2
19.2
18.3
19.2
10.2
192
%1

19.1

190
190
180
188
e
188
188
188
185
188
18.5
18.5
125
124
10.4
182
18.2
18.0
180
18.0
178
178
178

17.8

178

1.7
177
17.7
177
116
178
178
178
1w
179
15.3
130
181
198
106
104
191

191

"2
19.2

10.0

1%3
19.2
194
1956
183
195
108
1984
193
190
199
201
203
26
28
210
212
N4
210

215

278
1.7
2.7
ny
218
256
25
214
N4
N6

215

23
235
R0
22
231

20
29
28
27
20
28
26
25
2%

224

N7
216
214
214
xn2
210
29
208
206
208
20.7
2.7
207
208
211
211
212
211
2.0
209
207
2023
201

109

187
198
19.4
193
191
190
19.0
188
188
158
1868
188
191
193
194
197
198
20.0
18.8
107
198
10.8
10.5

19.4

164
103
102
192
192
192
19.1
19.1
190
190
190
181
19.0
19.0
19.2
109.1
19.2
103
158
195
19.8
104
"3
19.3

193
10.2
183
192
18.2
19.1
19.0
18.0
18.0
190
190
18.0
190
1900
188
18.0
188
188
e
18.5
18.4
184
183

18.1

18.0
180
178
178
170
176
174
173
17.2
17.2
174
174
174
178
179
17.7
177
180
180
170
176
174
17.2

17.1

188
188
108
185
184
183
182
10.1
181
159
16,1
181
183
184
168
108
172
174
17.2
174
171
170
168

16.8

16.7
168
188
1056
184
164
184
163
16.2
18.2
164
183
102
163
16.2
184
189
188
100
108
17.0
180
178

18.0

17
17.0
174
174
73
172
17.2
17.2
17.4
171

7.2
172
17.4
17.4
174
176
178
18.0
18.0
181

181

181

18.1

18.1

181
1.0
18.0
18.0
180
180
181
18.1
18.2
131
183
18.3
18.3
124
185
124
1856
186
185
185
188
108
18.8

18.5

185 18.0

185 179
185 1738
184 178
184 170
104 174
184 174
183 172
183 172
183 71
183 171
183 172
183 174
184 173
183 172
183 173
183 172
183 172
183 171
183 171
183 170
182 169
132 108

18.0 18/

188 147

184 145
18.2 144
181 141
1800 139
159 138
158 130
156 1386
158 134
1686 134
150 134
156 138
158 138
188 134
158 134
1568 132
156 132
158 131
154 130
153 128
153 128
150 127
149 128

14.7 1286

123

121
121
119

1.7

114
13

113

13
118
118

"7

113
14
113

1.2
112
1.2
1.2
12
113
114

112 108

1M1 104
113 105
104
110 104
109 104
108 103
108 103
107 104
108 102
107 103
108 108
106 104
107
10.7
107
108
107
1038
108
107
10.7
108

108 112

109
1.0

108

109
109
108
10.8
108
100
108

10.8

108 109

0.8 108
107 110
108 110
108
108 110
1.0

1.0

118
121
121
12.2
124
123
128
128
127
1268

228

ny

a7
2.7

211

210

198

2.2

2.0
191

104

19.0
17.8

184

198

17.8

184

225

214

217
199

209

20.0
188

103

19.8
190

192

19.3

181

180

130
174

176

174
159

ice

13.0
18.2

10.7

18.1
171

178

188
180

183

185 180

180 147

183 173

186 147

147 125

1568 134

113 112

138 101

108 1107

108

100

128

10.9

118
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APPENDIX E

- Downstream Temperature Monitoring
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Hourly Temperaturs Readings: Crystal Falls Hydroslectric Project (Downstream of Dam), June 2002
Day of Month

Time 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 268 27 28 29 30
12:00a8 2000 19.07 1829 1551 13.67 14.82 1761 19.21 16.57 19.71 20,83 2063 1844 17.50 17.40 16.06 17.32 18.63 19.44 18.50 2000 2044 2090 2125 22.34 2302 2331 2335 2367 2482
1:00a 2044 19.83 18.03 1538 1378 14.57 17.54 19.16 1945 1961 20.77 20.74 18.41 17.61 1747 1502 17.22 18.63 1040 18.85 2062 2041 2081 2118 22.25 22.90 23.28 2331 2366 24.71
2.00a 2031 10.60 1791 1523 13.70 14.87 17.37 19.11 19.37 10.52 20.74 20,85 18.35 17.81 17.37 1570 17.10 18.60 19.50 18.68 2065 2032 2076 2107 2224 2270 23.26 23.20 2387 24.88
3:00a 2018 18.57 17.71 1508 1360 14.88 17.30 16.04 19.30 19.40 2076 2055 1820 17.02 17.20 15.62 1656 1849 10.50 18.71 2069 2028 2072 21.00 2224 2270 2320 23.26 2367 2462
4:00a 2008 19.44 17.54 14084 1350 1457 1713 1890 10.21 19.33 2078 2040 1822 17.62 16.95 1545 18.80 18.30 10.47 18.75 20.76 20.25 20.74 20.05 2227 2266 23.10 2924 2387 24.62
5:00a 1992 10.33 17.32 14,83 1340 14.87 17.13 1862 19.14 19.28 2081 20.30 18.12 17.50 16.71 1520 16.58 18.10 1940 18.77 2070 2021 2078 20980 22.27 2263 23.17 2322 2367 24,62
6:003 19.82 19.18 17.20 14.73 13.32 14.88 17.10 18.87 12.00 19.25 2083 20.23 18.01 17.56 18.48 15.15 10.34 17.90 19.28 1878 20.84 20.20 2077 2088 22.27 2201 2313 2322 2368 24.64
7:00a  15.80 18.14 17.07 14.66 13.22 1492 17.03 18.83 19.06 1925 2000 20.04 17.93 17.49 1822 1507 16.12 17.78 10.18 16,80 2080 20.21 2008 2084 2231 2263 2313 23.04 2378 24.86
8:00a 19.82 19.14 1698 14.55 13.21 15.00 17.10 12.80 19.07 19.30 21.04 19.85 17.84 17.42 1802 1607 16.02 17.64 19.06 18,60 20.88 2021 2007 2084 2238 7268 2310 2328 2380 2475
9:00a 1985 1926 1605 1448 13.30 15.27 17.16 18.97 19.18 1944 21.21 10.88 17.53 17.34 1580 15.14 1599 17.62 1852 1877 2006 20.25 21.11 2086 2254 2279 2308 2333 2400 24,88
10:00a 2015 19.45 16.85 14.48 1354 1540 17.32 19.07 15.30 1968 2142 19.52 1801 17.27 15.00 15.20 1800 17.61 18.82 1889 21.00 20.28 21.23 2067 2281 2205 23.08 2342 2415 26.14
11:002 2048 19.56 16.85 1448 13.88 1589 17.50 10.23 10.42 2001 21.58 19.40 18.08 17.27 1597 1540 1632 17.67 18.73 19.04 21.21 2032 21.30 2112 2207 23.15 2315 2378 2427 25.57
12:00p 2078 1960 18.81 1448 14.37 1632 18.01 1047 10.50 2013 21,65 19.35 17.83 17.30 18.08 1577 16.38 17.81 18.68 10.30 21,16 2039 2132 21.37 23.01 23.33 2328 24.20 2448 26.00
1:00p 2111 16.83 16.80 1443 14.62 16.58 1844 10.76 10.09 2045 21.68 19.37 17.08 17.30 16.17 10.11 16.56 17.00 1658 10.84 21.44 2044 21.99 21.53 23.28 2337 2342 2448 2490 28.37
2:00p 2130 1966 16.73 1440 15.29 17.23 1871 19.97 19.865 20.56 2204 10.10 17.88 17.20 18.20 1544 16.88 15.08 18.50 19.00 21.21 20.74 21.83 21.60 2335 2382 2391 24.67 2604 20.62
3:00p 21.28 2002 16.60 14.40 1553 17.12 19.09 2008 2000 20.86 2215 1002 17.96 17.23 16.41 10.73 17.13 12.24 1847 1994 21.23 20.70 21.81 2185 23958 2375 24.33 2482 2540 26.28
4:00p 21.25 19.97 1681 14.35 1567 17.44 19.25 19.57 X.16 20.84 2202 1892 1807 17.32 10.51 16.06 1740 1850 18.41 20.21 2121 21.00 2188 2215 2344 2380 24.53 2501 2540 26,80
5:00p 2126 10.80 16.64 14.33 1567 17.74 19.08 18.00 2015 * 2183 18.88 17.74 17.32 16.56 17.15 17.74 18.70 16.34 2039 21.28 21.21 21.78 2218 2353 23.87 24.35 24.08 2570 28.71-
6:00p 21.07 19.54 1640 14.20 1576 18.08 10.18 10.85 20.23 21.44 21.74 1867 17.68 17.37 16.50 17.30 17.88 18.95 1841 20,39 2136 2112 2160 2220 2338 2378 24.00 24.62 2540 26.92
7:00p 2088 19.33 1634 14.24 1530 18.01 10.11 19.82 20.18 21.37 2158 18.82 17.84 17.42 16.50 1740 18.05 19.06 1847 20.63 21.11 2008 2178 2225 2347 2380 23.78 24.22 2547 2713
8:00p 2085 19.00 16.14 14.20 14.70 17.88 19.04 16.85 2013 21.16 21.33 1870 17.62 17.30 1049 17.51 1825 10.21 18.47 2062 21.00 2100 2167 2283 2342 23.60 23.08 24.00 2520 27.17
9:00p 2048 18.60 1001 14.11 14.67 17.60 10.14 10.89 2000 21.18 21.18 15.63 17.50 17.35 16.30 17.45 18.30 10.26 18.49 2048 20.83 21.00 21.63 2227 2328 23563 23.44 2382 2501 27.04
10:00p 20.30 18.71 1588 14.01 14.82 1767 19.25 19.78 16.07 21.00 21.04 18.58 17.57 17.37 1831 1742 1553 10.33 18.51 20.40 2070 2083 2146 2226 23.33 2344 2342 2378 2490 27
11:00p 20.15 1848 1588 13.05 14.81 17.74 10.21 19.66 19.85 2081 2093 1848 17.57 1742 1821 17.30 18.58 19.36 18.58 20.55 20.55 2001 2136 2231 2317 2338 2337 2371 2467 2652
Max. 2130 2002 18.29 1651 1576 10.08 19.25 20.08 2023 2144 2215 2053 15.44 17.62 17.40 17.51 1856 10,38 19.50 2083 21.44 21.21 2188 2233 2355 2387 24.53 2601 2570 2717
Min. 1980 1848 1562 1386 13.21 14.02 17.03 18.83 19.08 19.25 20.74 1849 17.57 17.23 16.68 1507 1500 17.61 18.34 18.59 2066 2020 2072 20.84 2224 2261 23.08 2322 2366 2462
Avg. 2030 19.45 16.80 14.56 14.33 16.28 1812 10.42 19.63 2017 21.30 19.56 17.84 17.42 1651 16.21 17.11 1839 18.67 19.48 20.05 2058 2126 21.51 2288 2320 2343 2343 2440 B4
* Service point (mitsing dats)

-’
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Hourly Temperature Readings: Crystal Falls Hydroslectric Project (Downstream of Dam), July 2002
Day of Month

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 190 20 21 22 23 24 25 26 27 28 20 30 M
12:00a 20.28 2800 27.88 27.38 2508 24.33 24.44 2575 25.51 2400 23.82 23.30 2347 24.20 2492 2598 2681 2019 24.70 24.49 2501 2400 2442 2277 2230 2048 2214 2320 24.55 24.53 24.88
1:00a 2622 2788 27.80 27.27 25.40 24.22 24.57 2508 2544 24.88 2363 23.07 23.24 24.05 24.75 2602 26.74 26,11 24.55 24.35 2404 24.04 2424 2279 2241 2048 2210 23.20 2485 24.38 24.88
2:00a 2617 27.75 27.71 27.00 2831 2400 2440 2502 2531 24.75 2349 2284 2907 23.83 24.82 2604 26.50 2504 24.38 24,16 2488 24.98 24.08 2270 2230 2045 2219 2318 24.55 24.27 2484
3:00a 2811 27.63 27.01 2008 2610 23.08 2430 2555 2523 24.84 23.27 2261 2263 2367 2440 2574 2040 2580 24.20 24.06 24.79 24.96 23.87 2273 2230 2043 22.25 23.20 24.57 24.20 24.77
4:00a 2600 2753 27.50 2683 2492 2384 4.0 2547 25,12 24.40 23.00 2243 2282 2353 24.38 2551 2834 2676 2404 2303 24.70 24.04 23.00 2282 2237 2041 2227 2324 2450 24.18 24.73
5008 2800 27.48 27.40 20.68 24.70 23,67 24.18 2540 2503 2431 2291 2230 2273 2342 2431 2033 2023 26.67 2381 2378 24.00 24.88 2333 2248 2237 2038 2228 2327 24.64 24.11 24.70
6:008 2611 27.38 27.32 2040 2448 2553 2407 2534 24.92 .16 2270 2225 2264 2334 2424 2518 26.11 2540 2370 2382 24.55 24.81 2306 2230 2234 2038 2228 2331 24.68 24,05 24.70
7:008  20.15 27.30 27.23 2028 24.35 2344 2208 2531 2486 2407 2250 2210 2262 2320 24.22 25.10 2606 2538 23.73 2351 2440 24.73 2282 2212 2228 2034 2232 23.34 24,68 24.04 24.70
8:00a 2520 27.28 27.21 2022 24.28 23.35 24.00 25.27 24.82 2407 2248 2219 2268 2333 2420 25.10 28.00 25.25 20.00 23.47 24.48 2462 2257 2206 2218 2038 2239 2344 2472 2400 24.77
9:00a 2643 27.30 27.27 28.20 24.22 2320 2415 2621 2492 2407 2252 2223 2279 2346 24.37 2518 2608 26525 23.80 2351 2440 2450 2241 2200 2203 ° 2260 2358 2473 2415 24.79
10:00a 28.77 27.38 27.30 2028 24.24 2320 24.35 25.18 2601 24.13 2257 2243 23.00 2383 2455 2527 2619 2526 24.02 2360 2464 24.62 2234 2202 2191 20068 2250 23.76 24.77 24.24 2488
11:008 2719 27.53 27.36 2047 2435 23.37 24.60 25.16 20.18 24.18 22082 2267 2342 2387 24.77 2549 2640 2544 24.37 2376 24.75 2470 2234 2200 21.87 2080 2271 2390 24.83 2430 24.00
12:00p - 27.71 27.56 2600 2456 23.45 2500 2520 2520 24.31 2273 2282 23.62 24.18 2500 25.70 28.72 2551 24.02 2400 2525 24.84 2237 2207 2187 21.25 2284 24.31 24.92 2450 25.06
1:00p 2815 2817 27.64 2688 2448 2373 2503 25.53 2547 2444 2275 23.18 2385 24.51 2530 2000 2708 2550 25.16 24.04 25.38 2501 2244 2241 21.73 21.34 2342 2437 2500 2490 25.10
2.00p 2848 2860 20.00 27.00 24.50 24.04 2527 2847 2572 2451 2288 2344 24.20 2480 2508 2847 2741 2506 2500 2413 2551 2812 2250 2211 2181 2138 2301 24.34 25.27 2551 2800
3:00p 2858 2017 29.03 27.27 24.68 24.10 2551 2560 2500 24.57 2300 23.74 24.35 25.14 2604 28.57 27.06 2617 2536 24.28 2504 2522 2248 2200 2145 2133 2378 2404 2557 2594 2605
4:00p 2833 2015 2021 27.50 2482 23.93 2545 20.11 2607 24.57 2306 23.80 24.57 2642 2615 26.53 27.64 2632 2520 24.35 2642 26.20 2252 2214 2131 2175 24.28 2605 26,56 26.00 24.99
5:00p 2817 2806 2007 2748 2480 2396 2568 28.15 28.18 24.80 24.16 24.04 24.72 2561 20.25 2072 27.60 26.28 2542 24.33 2828 2516 2255 2228 2118 2202 2387 2533 2564 2563 2499
6:00p 28.30 2200 2872 27.35 24.88 2305 2652 26.24 2600 24.84 24.02 24.13 24.82 2574 2621 2874 27.33 2821 2533 24.37 2564 25.10 2262 2298 21.04 2207 2991 24.56 2653 2604 25.03
7.00p 2854 2874 2835 2004 2482 2306 2643 26.26 2000 24.00 2301 24.00 2468 570 20.02 20.70 27.10 2578 25.31 2448 25.25 2497 2264 2243 2000 2225 2378 2507 25.38 2574 24.84
8:00p 28.74 28.70 25.04 2066 24.75 2393 2604 26.17 2570 24.57 24.11 2420 2404 2550 2504 20.50 26.85 2548 2536 24.70 2500 24.83 2271 2243 2076 2200 23.40 24,04 2512 2527 24.80
9:00p 2000 2852 27.84 2832 24.00 2407 2550 20.03 2555 24.38 2334 24.24 2450 25.42 2508 2683 2002 2520 25.33 2500 2501 24.76 2271 2237 2008 21.90 2336 24.72 24.08 2823 2478
10:00p 2863 28.21 27.67 20.07 24.58 24.15 2570 2500 2526 24.11 2353 2300 24.51 2525 2506 2083 2640 2801 2522 25.14 24.90 2486 2276 2236 20.57 2202 2320 2482 2483 2400 24.82
11:00p 2823 2800 2753 26506 2448 24.27 2500 2573 2506 24.00 20.50 2365 24.38 2505 2593 28.78 2634 2404 24.00 2610 2407 24.55 2275 2237 2082 2207 2327 24.57 24.68 2494 2440
Max. 2880 2017 20.21 27.50 2508 24.33 20.62 26.26 26.18 24.00 24.16 2428 24.72 25.74 20.26 20,83 27.66 26.32 2542 2514 26,26 2522 2442 2270 2241 2226 2428 2533 25.84 26.00 25,10
Min, 2600 27.28 27.21 2688 24.22 2329 2306 2510 24.62 24.00 2248 2219 2262 23.20 24.22 25.10 2600 24.84 23.00 2347 24.48 24.55 2234 2200 2052 2034 2214 2318 24.55 2404 24.49
Avg. 2734 2805 27.88 2676 24.72 2383 2490 2504 2539 24.42 2320 2316 23.00 24.42 25.19 2603 26,70 2506 2405 24.18 2503 24.88 2282 2232 21.80 2118 2287 2407 2493 2482 2480

* Service point (missing data)
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Hourly Temperature Readings: Crystal Falls Hydroelectric Project {Downstream of Dam), August 2002
Day of Month

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
12:00a 2433 2227 2060 2005 2074 21.34 2004 2078 21.71 2288 23.2% 2344 2360 2261 2200 21.84 2148 2008 1991 10.61 10.00 10.08 1897 18.15 19.35 2008 2008 20.64 20.04 2243 22.70
1:00a  24.16 2207 2043 19.08 20.80 21.20 2087 2085 21.77 2284 2313 2338 2353 2255 21.08 21.77 21.45 2080 19.67 10.80 19.67 19.01 1807 18.15 19.35 19.08 2083 20.52 20.80 2202 22.57
2:00a 2402 2187 20.27 19.87 20.52 21.04 20.78 2000 2182 2282 2267 23.30 2344 2248 2183 2070 2143 2089 15.80 19.73 19.70 18.00 18.07 1815 10.33 10.89 20.71 2038 2071 21.88 2243
3.00a 2387 21.71 2008 19.50 2036 20.83 2006 2062 21.80 2284 2280 23.20 23.30 2230 2180 21.61 2141 2050 19.54 19.66 10.72 18.78 1897 18.15 10.33 19.87 2080 2025 2062 21.73 2234
4:008 2374 21.54 10.87 10.73 2022 2064 2048 2004 2105 2280 2282 2325 2327 2228 21.75 21.52 2134 2052 19.73 19.50 19.63 1868 1897 18.15 18.22 19.82 2052 20.15 20.50 2168 2227
5:00a 2385 21.34 10.75 10.66 2008 20.3% 2029 2002 2200 2280 2273 23.22 2318 2210 2100 2143 2120 2041 10.561 19.44 19.54 1854 18.07 18.17 10.32 19.80 2041 2005 2057 21.83 2223
6:00a 2358 21.11 18.63 1961 19.54 20.13 2008 2080 2202 2200 2268 23.16 2304 2205 2150 21.33 2624 20.27 1047 10.30 19.47 18.42 1884 1817 19.32 10.60 2032 19.98 2053 2156 2218
7.00a 2347 2080 1858 19.50 19.04 19.89 19.02 2083 2208 2261 2262 2311 2203 21.63 21.54 21.22 21.15 2008 19.35 19.15 10.30 1820 1880 1815 19.32 10.862 2024 19.87 2052 21.50 2207
8:002 2340 2067 19.50 1901 19.00 18.70 18.50 20.78 2207 23.00 2261 23.11 2286 21.80 21.52 21.17 21.03 2063 19.32 19.06 10.30 1817 1885 1818 16.35 10.01 2020 19.82 2048 2148 2202
9:00a 2335 2043 19.56 19.70 19.00 10.61 19.75 20.78 2214 23.07 2264 2313 2284 2184 2157 2117 2097 20.03 19.35 19.04 19.20 1810 18.82 18.27 16.44 2008 20.2¢ 19.79 2062 2148 2208
10:00a 2333 2036 10.63 18.77 1001 19.50 10.75 20.76 2219 2316 2271 23.16 2282 21.67 21.63 21.25 20,57 20.06 19.48 15.18 19.13 18.00 1878 1842 19.51 2027 2020 19.77 2055 2188 2205
11:00a 2327 2034 19.77 10.85 10.09 19.66 19.80 2009 2220 23.20 2289 2327 2270 2205 21.77 21.41 2099 20.18 10.50 1948 10.13 18.10 18.78 18.61 19.77 20.60 20.38 19.79 2000 21.87 2219
12:00p 2320 2043 1990 19.04 2022 19.82 19.80 21.01 22.32 2340 2324 2342 2275 2244 2183 2183 2120 20,36 10.70 10.00 19.13 18.15 18.77 18.82 20.03 21.11 2045 19.90 21.04 2200 22.25
1:00p 2325 2060 20.15 2000 2043 20.03 19.94 21.11 2257 2300 2351 2385 2277 2250 2207 2180 2147 2048 2003 19.63 10.15 18.35 18.77 19.00 20.27 21.82 20.57 2008 21.57 22.30 2238
2:00p 2315 2085 20.20 20.25 2074 2027 1982 2163 2261 2378 2383 2386 2203 2208 2238 21.08 21.64 2050 20.31 19.79 10.20 18.65 1873 10.30 20.48 21.64 20.88 2031 2156 2243 2265
3:00p 2313 2108 2038 2045 21.01 2041 20.10 2157 29.80 23.82 24.15 2382 2315 2203 2244 2212 2171 2064 2055 19.89 19.25 18.75 1868 1942 2073 21.04 2074 2030 2182 2252 2271
4:00p 2318 2127 2045 2050 21.25 2085 2024 21.34 2313 2383 2400 24.27 2366 2273 2244 2241 21.80 2081 20,06 20.08 19.32 16.02 18.63 10.49 2090 2160 2094 2048 21.89 2275 2280
5:00p 2324 2146 2043 2078 2147 2083 2027 21.36 2315 2371 2424 24.20 2358 2262 22.37 2262 21,00 2080 2000 20.25 19.37 19.18 18.50 19.47 20.97 2150 2104 2050 21.82 2253 2288
6:00p 2324 2154 2030 2000 21.59 2097 2020 21.45 2347 2371 24.30 2405 2344 2250 2223 2268 2161 20.74 2008 19.77 10.35 19.21 1851 1946 2083 2143 21.04 20.50 2198 2261 23.00
7:00p 2318 21.50 20.38 2006 21.80 21.04 2043 2143 2211 2370 2448 2415 2307 2248 2218 2268 2166 2081 2053 10.75 19.32 10.08 18.42 10.30 2082 2145 21.01 2053 21.55 2208 2284
8:00p 2300 2140 2034 2092 2184 2110 2048 21.54 2280 23.76 24.28 2387 2291 2266 2200 2236 21.00 2048 200 19.91 19.27 19.00 18.34 19.32 2034 2131 2097 2088 2171 2288 2291
9:00p 2282 21.27 2020 2002 21.50 21.08 2048 21.70 2280 23.71 23.87 2378 2279 22.34 22.03 2207 2147 2032 2025 2012 19.23 19.06 18.27 19.30 20.27 21.18 2092 2076 2188 2280 2289
10:00p 2262 21.10 2022 2000 2152 21.08 2062 21.68 2289 2356 2351 2360 2271 22.18 2105 21.71 21.27 20.10 20.13 20.20 10.18 19.01 18.22 19.33 2013 2115 2087 21.04 22.07 2203 22.80
11:00p 2244 20.00 2013 2083 2147 21.01 2071 21.68 2280 2342 2345 2363 2268 2203 2101 21.57 21.10 18.68 20.01 20.13 1613 1899 1817 19.35 2008 21.04 2078 2110 2275 2288 7273
Max. 2433 2227 2000 2000 2168 21.34 2094 21.70 2360 2383 2448 24.27 2365 2208 2244 2260 2101 20.06 20.60 20.25 19.99 19.21 1897 19.49 2007 21.64 21.04 2110 2275 2263 23.00
Min. 2244 2034 19.58 18.50 19.00 10.56 10.75 20.78 21.71 2282 2261 23.11 2208 21.80 21.52 21.17 2007 19.90 10.32 19.04 16.13 18.08 1817 16.15 19.32 19.00 20.20 10.77 2048 2148 2202
Avg. 2230 2197 2000 2020 2080 2051 2026 21.18 2247 23.31 2338 2356 2300 2235 2195 21.79 21.41 2045 19.87 10.69 19.38 18,09 1871 18.77 19.63 2000 2065 2031 21.21 2218 2249
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Hourly Tempaerature Readings: Crystal Falls Hydroelectric Project (Downstream of Dam), September 2002
Day of Month

Tme 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28 27 28 29 30
12:00a 2262 2250 2190 20.76 20.15 19.30 1810 190.44 21.08 2300 21.63 10.96 10.51 19.47 16.30 17.10 1880 17.08 18.41 18.00 18.26 16.62 1458 1256 11.51 11.43 10.70 11.20 10.82 11.20
1.008 2260 2244 2186 2004 2003 19.21 1806 19.58 21.91 2302 21.30 19.80 10.48 19.44 $6.20 17.01 1884 17.77 1837 18.77 1818 18.71 1481 12.38 11.49 11.30 1085 11.29 10.85 11.20
2:00a 2239 2237 21.70 20.53 10.68 16.15 13.03 19.68 21.59 2203 21,08 19.63 1042 10.42 1617 1691 1870 17.72 18.35 1575 18.10 1857 1468 1228 1148 11.35 1082 11.29 1088 11.18
3:00a 2230 2228 21.70 2043 1002 1900 803 19.75 21.67 2280 21.62 19.49 10.42 10.40 15.00 1682 16,76 17.06 18.37 1873 1803 16.44 14.48 1217 1144 11.25 1058 11.20 1093 1118
4:00a 2221 2219 215 2031 10.50 1604 1708 1080 21.82 2282 2140 1937 1040 1939 1795 10.71 16.72 1750 18.37 16.72 17.03 18.32 14.28 1203 1141 11.18 1051 11.31 1098 11.16
5:00a 2212 2214 2148 20.19 19.87 16.01 17.66 10.88 21.77 2270 21.25 19.27 19.39 19.35 17.84 1661 16.60 17.52 1830 18,68 17.70 16.18 14.08 11.85 1138 11.10 1048 11.28 11.06 11.18
6:00a 2202 2200 21.36 2008 10.82 1554 17.93 19.68 21.7¢ 2277 2113 19.15 19.35 10.33 17.74 1640 1008 1747 1839 1580 17.67 1607 1396 11.72 11.34 11.08 10.30 11.28 11.08 11.23
7:00a 2103 2202 21.24 10.90 10.75 18.80 17.01 10.68 2168 2273 2007 19.02 19.27 19.30 17.60 16.30 1650 17.43 1841 1885 17.58 1597 13483 11.01 11.33 11.00 1034 11.23 1113 1128
8:00a 2187 2106 2117 10.84 1968 13.84 1791 1968 21.63 2271 2085 1862 19.21 190.25 17.50 18.20 1654 17.42 18.41 1853 1743 1587 1372 11.53 11.33 1005 1031 1110 1115 11.27
9:00a 21.84 21.96 21.13 19.77 10.81 18.80 17.68 19.82 21,68 2268 20.78 15.80 19.18 19.23 17.49 1823 1852 17.43 1842 18.63 1740 1580 1368 1148 1134 1092 1020 11.18 11.21 11.33
10:008 21.88 2202 21.17 19.70 19.56 18.78 1806 1998 21.77 2250 20.78 18.62 19.20 19.20 17.50 18.27 16.57 17.45 10.40 1883 17.40 1582 1387 1140 11.30 1088 1038 1120 11.23 1149
11:008 2183 2211 21.20 19.91 1958 18.77 1830 202 2202 2250 20.87 10.02 1928 19.18 17.64 16.37 1660 17.40 1551 1883 (747 1587 13.72 11.51 11.44 10.85 1048 $1.20 11.20 11.64
12.00p 2207 2221 21.22 2000 19.54 18.75 10.08 2062 2255 2241 2099 19.18 19.37 15.10 17.83 16.52 1670 17.60 1858 18.83 17.54 1567 1377 11.59 11.48 10.83 1085 11.10 11.20 11.75
1:00p 2218 ¢ 2127 2034 1051 18.70 1800 2088 2286 2234 21.15 19.37 1039 19.1% 17.96 16.74 16.81 17.74 1883 1885 17.50 1597 13.70 11.72 11.64 10.83 1085 11.20 11.94 11.87
2:.00p 2218 2234 2133 2087 19.47 18.63 10.08 2060 2342 22.30 21.26 19.63 1030 19.06 1612 1660 1663 17,83 1872 15.68 17.50 1593 1362 1188 11.57 10.83 11.06 11.18 11.33 1204
3:00p 2228 2232 2143 2108 1948 1853 19.25 2008 2309 2230 21.38 19.00 10.47 10.04 1622 1721 16.08 1705 18.76 1806 17.62 1592 1355 12.02 11,56 10.85 11.21 11.16 11.33 12.28
4:.00p 2230 2237 2148 2125 10.48 18.40 20.24 2113 23.20 2230 2143 2005 19.5¢ 19.04 18.13 17.43 1609 18.01 1872 18.65 17.50 1582 13.47 1205 11.57 10.87 11.34 11.08 1128 1256
5:00p 2238 2243 2154 2143 10.48 1848 1984 21.27 23.00 2230 21.38 2015 1963 18.00 18.18 17.556 17.08 1813 18.80 1881 17.55 1587 13.34 (204 11.57 1088 1138 11.10 1128 1250
6:00p 2244 2237 2150 21.33 1046 18.41 2005 2218 23.11 22390 21.20 20.08 19.85 1804 18.30 17.85 17.13 1822 18.82 18.85 17.40 1573 13.24 1192 11.57 1088 11.38 11.08 11.20 1266
7:00p 2286 2234 2141 2115 19.47 18.35 19.75 2237 23.24 2234 21.06 2003 19.68 18.85 1815 17.47 17.25 18.27 1854 1883 17.33 1581 13.17 11.74 11.60 10.87 11.39 1093 11.23 12,81
B8:00p 2275 2230 21.31 2094 10.48 18.20 10.98 2255 23.43 2220 2083 10.98 1085 18.78 1790 17.30 17.62 18.3C 1885 1858 17.28 1648 13.07 11.64 11.56 10.85 11.34 1000 11.23 1262
9:00p 2204 2228 2117 2067 1044 10.18 2003 2250 23.20 22.21 20.60 15.64 10.50 1870 17.69 17.18 17.77 16.34 18.80 18.53 17156 1533 13.00 11.61 11.54 1082 11.33 1043 11.19 $3.01
10:00p 2262 2223 21.03 2045 19.40 1817 2012 2225 2331 2212 2028 1088 1053 1850 17.5¢ 17.04 17.05 1837 18.89 1848 17.06 1521 1280 11.60 $1.51 10.70 11.31 10.83 1120 13.04
11:00p 2257 22.12 2080 20.31 19.37 18.15 10.44 2206 2324 2203 20.13 19.5¢ 19.51 18.40 17.33 1064 1803 15.39 18.82 18.37 1684 1510 1274 11.54 11.49 10.75 11.31 10.79 11.18 1312
Max. 2288 2250 21.08 2143 2015 19.30 2024 2250 2342 23.00 2103 20.15 1868 10.47 1036 17.55 18.03 15.39 18.89 18.80 15.29 10.02 1496 1258 11.57 1143 11.30 11.31 11.34 1812
Min. 2184 2106 2080 19.77 10.37 1815 1701 10.44 21.63 2203 2013 1889 10.18 1848 17.33 1823 1052 17.42 18.35 18.57 1664 1510 1274 11.48 11.33 1075 1028 10.70 1082 11.18
Avg. 2228 2223 21.30 2050 1964 1871 1882 20.70 2248 2254 2112 19.54 16.44 10.11 17.90 16.85 1658 17.84 18.50 16.54 17.50 1694 13.73 11.83 19.47 1007 1084 11.14 1118 11.61
* Service point {missing data)
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APPENDIX F

- Downstream Dissolved Oxygen Monitoring
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Hourly Dissolved Oxygen Readings: Crystal Falls Hydroslactric Project (Downstream of Dam), June 2002, corrected data
Day of Month

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30
12008 ©17 916 924 040 0.85 1040 903 800 2.84 037 905 857 888 610 010 900 0.0 885 884 847 812 781 760 75 708 7486 6092 600 7.8 8%
1:00a 92t 925 920 048 080 1043 080 865 582 032 600 862 805 015 041 805 008 806 381 B850 822 782 740 730 70 728 894 701 788 830
200a 9519 023 031 945 980 1042 006 02 881 032 008 3855 20 013 910 500 007 883 876 848 017 785 784 748 703 723 696 702 795 825
3008 021 9828 938 946 977 10.30 085 08B0 880 944 008 858 800 019 895 2302 003 881 575 843 510 T8I 7A2 744 718 724 701 705 785 820
4:008 017 931 038 955 070 1035 9908 001 884 041 800 551 BGS 910 607 804 D08 877 880 840 824 784 700 747 T8 720 725 705 787 829
500a 918 931 938 947 088 1041 984 507 883 041 280 851 013 015 809 8508 900 AT0 867 851 826 70 783 763 727 721 727 712 104 835
6:00a 921 280 045 662 057 1041 004 004 804 040 590 840 904 019 835 802 897 672 053 843 023 T 745 740 725 736 732 716 704 831
7:00a 920 930 940 0063 000 1043 087 005 008 050 002 847 003 017 878 892 801 877 BS54 845 522 789 787 745 Y20 741 722 737 797 823
8:00a 932 937 957 060 1000 1055 081 9.02 012 048 B804 040 000 0.14 875 801 880 B73 850 845 821 781 801 740 720 742 727 735 806 621
9:00a 938 062 662 076 10.11 10.54 6.70 004 018 951 892 830 002 911 878 B8S 830 862 847 847 814 770 788 7.37 732 742 705 7.53 790 838
10:008 942 955 071 084 1021 1067 €81 914 927 58 &01 840 806 003 583 802 488 582 847 842 800 700 787 742 738 726 703 757 802 830
11:00a 047 958 072 985 1019 1064 078 000 634 000 831 841 280 808 827 880 077 865 842 841 810 763 788 738 733 721 702 780 789 821
12:00p 945 953 053 992 1020 1063 091 ©O5 025 Q61 867 838 887 846 853 880 £76 855 B35 B37 806 TH6 TTB T4 732 741 608 765 788 B
1:00p 948 957 082 1003 1028 10.62 9.0 910 941 963 354 230 887 800 891 890 877 861 830 836 790 750 773 743 726 703 6090 796 780 881
200p 944 950 085 1000 1034 1054 088 017 951 068 855 041 880 891 BG4 090 870 850 830 825 7684 708 71 723 719 706 €91 790 703 7900
3:00p 843 053 970 007 1034 1053 982 805 954 054 843 847 B892 805 087 800 877 863 831 B11 790 767 768 723 718 083 703 797 784 783
4:00p 030 964 973 1002 10.34 1040 068 800 053 D47 533 561 B4 064 804 D10 881 863 835 820 786 772 700 7.49 705 604 804 792 787 801
5:00p 940 040 600 000 1020 1032 062 $00 048 ° 53 852 802 008 890 008 878 871 543 810 779 784 730 743 702 684 701 780 791 6.04
6:00p 935 940 967 907 104) 1027 942 808 940 900 641 300 361 B89 900 913 879 867 840 B12 774 768 761 7.09 704 892 707 796 770 783
7:00p 928 9356 0060 996 1045 1020 0.34 008 048 900 833 562 803 295 807 014 B88 879 641 813 776 783 7.86 710 701 695 896 700 800 808
8:00p 924 029 063 007 1044 1013 033 580 010 910 840 87D 866 860 895 922 291 077 540 808 V76 776 753 707 800 692 667 770 797 820
9:00p 921 924 000 003 1041 1010 036 895 007 908 841 872 898 800 805 920 804 868 844 812 773 788 758 708 701 687 602 773 7A3 608
10:00p 917 912 057 094 1038 1004 920 680 D44 908 349 881 GO7 010 888 013 604 860 838 812 776 7.70 742 707 708 8900 895 7.85 819 7.04
11:00p 915 923 955 001 1030 998 G0¢ 888 935 003 849 801 904 912 805 017 803 A78 838 810 7.72 777 744 700 726 897 682 778 818 7.63
Max. 047 658 985 1003 1045 1064 996 6517 0584 063 002 891 013 099 611 022 010 898 684 851 825 780 301 753 7368 742 732 760 849 8.0
Min. 915 866 024 945 077 096 004 586 500 903 833 838 A BAC B27 885 070 855 A3 808 72 TS 739 708 600 887 656 888 779 7.83
Avg. 030 937 855 079 1015 1030 €70 900 010 937 871 854 897 605 890 0.01 800 872 850 832 801 776 772 7.90 716 712 703 767 793 6.18
* Service point (missing data}
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Hourly Dissolved Oxygen Readings: Crystal Falis Hydroelectric Project (Downstream of Dam), July 2002, corrected data
Day of Month

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2t 22 23 24 25 26 27 28 29 30 M
122008 782 781 729 718 781 B47 BSG 826 784 822 T44 827 815 BA3 TN 712 729 661 678 748 821 770 806 822 838 785 810 787 723 871 678
1:008 770 768 719 T4 767 B340 85 766 700 V98 783 816 VM 70 VE2 752 70 083 660 738 P02 750 807 822 844 7TH B2 780 733 670 687
2008 784 785 725 T2 7T 848 852 805 TAE TH T TI5 VA0 V92 TSI V42 733 450 636 749 013 750 708 830 249 780 833 VV7 138 877 688
3008 793 760 730 716 748 812 800 805 7S TO5 781 B01 754 785 768 740 747 663 0656 727 703 750 798 830 848 703 B30 782 739 676 681
4008 788 757 T8 72T TS0 824 050 BOOD VA2 V44 T 802 TN VIS T4l TIT A5 837 O7T 727 V2 V43 193 842 840 T8 835 782 745 667 083
5:008 701 755 723 723 740 808 849 818 741 784 138 T6E TM 760 734 678 723 643 653 601 702 752 782 845 042 787 841 783 74D 6050 080
6:00a 703 744 725 T4 755 800 B28 808 T34 778 T43 780 T40 TS0 748 T.A7 688 808 0860 717 750 750 782 842 841 703 842 703 7.37 676 088
7008 777 748 712 728 755 T7HT YBY 7T T 7T 738 TIT A T 722 664 684 677 658 740 720 704 T8I Q35 838 TH 842 783 743 880 666
B:00a 791 748 715 733 762 762 838 Y/ TN T 732 737 724 745 710 €06 804 634 070 T48 700 767 763 818 B39 800 850 787 731 880 682
9:00a 805 748 720 748 753 B804 708 TS81 680 784 743 768 773 738 701 701 600 618 088 714 600 755 765 821 831 ¢ 843 785 741 084 069
10,008 812 741 748 750 771 802 807 747 732 780 T52 772 750 730 714 718 687 650 704 767 690 749 751 810 830 772 842 787 733 702 742
11008 782 780 737 780 780 308 807 TV0 756 THE TEY 780 T4l T2 V6 701 671 648 736 VA2 712 764 756 800 821 787 835 784 723 108 701
1200p * 773 7M1 783 700 820 807 774 787 TV V0 7T VI T TI9 693 091 055 744 770 T20 748 765 803 825 784 808 V6 724 790 7.00
1:00p 830 788 777 807 808 833 843 702 779 834 705 78 748 720 700 702 723 682 758 804 780 730 784 304 812 760 032 788 745 7.20 7V.08
2200p 828 788 B11 810 842 841 820 7AS TO0 832 T V74 711 728 736 713 008 677 700 800 VA2 745 768 301 808 790 8519 768 685 719 7.02
300p 828 797 812 833 BB5 844 B74 T74 812 855 830 821 BO05 742 751 7T 712 680 743 831 781 784 785 811 BO4 787 BIS 754 B77 726 0080
4:00p 808 202 B28 844 558 894 883 810 B2 826 823 805 820 748 751 718 673 668 784 815 781 742 780 802 7O7T 780 544 745 6583 T34 680
500p 800 708 827 845 B12 858 BO4 777 842 830 802 210 832 780 730 781 7 608 7TI7T 837 BI5 T40 780 H10 T7H2 70 7AE 752 OH8 740 677
6:00p 800 776 825 841 878 674 845 795 BT A 621 820 B20 788 745 749 708 700 767 834 78I 700 75 B508 761 603 VA5 72 034 720 060
7:00p 802 768 820 822 678 800 555 808 B44 847 030 830 818 7B 757 T4 TAT 742 7683 842 700 774 798 820 788 800 7E1 735 682 723 067
8:00p 707 781 776 811 850 641 883 804 841 781 820 821 818 TG 731 752 700 VA7 67 822 767 774 764 825 781 B03 768 VA8 673 7Ot 6.47
9:00p 808 768 Y78 611 841 860 858 B804 537 TBT B4 B18 810 B80T 743 TE2 722 880 750 850 763 784 608 542 7A0 807 780 T 667 094 648
10:00p 765 762 750 785 873 654 8684 736 821 783 847 603 810 VA TS?T TE7 730 A7 760 &40 V7O 78S 801 827 7AA 804 777 730 673 680 650
11:00p 735 740 731 765 864 844 802 746 805 768 830 782 806 VIS V42 764 722 673 TG0 831 74D 797 818 841 783 786 773 711 672 680 635
Max. B30 802 B28 848 876 084 883 826 B44 855 839 630 832 813 779 764 770 717 700 850 821 797 018 845 840 809 850 793 749 740 742
Min. TI7 T40 T2 748 748 782 T8I 730 080 744 T3IT TAT VA1 T2 VOl 678 671 008 036 691 090 730 751 801 780 772 788 711 634 687 635
Avg. 799 767 TS50 773 803 B35 841 787 770 7686 T80 7O4 T 762 738 725 V11 866 T 770 764 7700 VB3 8422 817 791 845 T84 708 858 681
* Servica paint (minsing data)
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Hourly Dissolved Oxygen Readings: Crystal Falls Hydroelectric Project (Downstream of Dam), August 2002, corrected data
Day of Month

Time 1 2 3 4 5 6 7 8 9 10 1t 12 13 14 15§ 46 17 18 18 20 21 22 23 24 25 26 27 28 29 30 M
12002 643 688 727 704 703 744 758 741 700 665 626 618 501 506 831 684 877 709 872 792 723 743 V65 720 744 720 670 €83 747 688 708
1:00a 624 608 723 €98 708 739 754 730 704 0600 634 612 5954 BO2 630 041 004 688 685 78 718 706 771 728 748 7.2 875 086 721 881 708
2008 634 710 720 €92 703 744 760 737 707 668 628 €15 604 583 043 0633 641 685 060 684 717 708 774 730 750 727 678 658 719 6T 099
3008 633 710 746 684 705 730 753 741 700 660 635 611 500 580 645 640 606 700 664 692 745 700 776 728 753 724 685 653 748 674 €90
4008 62 720 710 600 607 740 753 730 700 €68 041 043 559 589 041 054 680 083 067 708 650 701 782 738 7S5 728 081 881 710 667 673
500a 617 736 700 687 808 735 751 742 707 666 636 621 001 570 630 601 848 0691 068 075 098 702 780 733 757 725 686 049 710 645 684
600a 63 725 701 680 898 730 747 733 708 674 638 015 581 577 530 654 668 043 668 674 696 710 775 731 783 730 689 658 743 652 655
7.00a 650 721 687 680 0820 726 744 7N 708 077 0642 020 504 583 831 058 648 648 671 675 701 720 VT4 729 IS8 723 087 668 721 643 @67
8:008 650 727 606 607 683 72 737 732 710 688 030 615 597 580 651 042 648 845 070 684 704 725 775 T2 762 728 679 721 708 851 068
900a 65 723 703 88 672 727 734 727 700 674 639 600 010 800 652 641 653 852 0600 684 712 727 706 728 760 731 688 732 705 643 638
10.00a 652 725 701 €96 674 728 731 727 705 668 841 618 617 804 655 600 050 861 670 687 741 720 750 728 75 733 080 742 710 085 637
11:008 o050 735 705 700 674 727 732 720 706 620 @51 620 616 620 653 680 656 607 004 604 72 730 755 720 7.50 795 889 740 710 675 643
12200p o5¢ 745 710 809 685 728 730 721 703 620 600 030 814 616 863 640 681 670 602 695 738 728 747 720 758 76 093 748 711 650 849
1:00p ©653 745 7.10 607 694 734 732 722 700 622 056 641 621 620 563 048 656 050 093 808 742 722 746 730 751 738 700 7852 727 681 639
200p 087 740 608 703 700 734 730 726 684 620 003 643 023 635 650 683 660 671 7.02 705 734 728 745 733 747 732 700 748 741 064 05
300p 683 752 710 792 700 738 743 721 698 032 658 635 620 45 068 0062 600 678 712 715 743 731 741 727 7T 724 702 743 734 052 872
400p 675 757 707 680 737 733 738 709 688 687 681 652 042 043 680 654 671 685 713 741 733 732 733 728 738 717 698 745 730 677 681
500p 681 782 714 711 741 7I 737 704 672 647 655 050 630 645 050 604 681 703 VA8 723 T44 730 734 728 731 715 €89 748 718 720 0.84
600p 678 780 718 715 743 741 735 704 635 842 €48 027 037 065 672 067 €84 688 722 733 738 734 733 731 728 708 662 73 733 720 068
7.00p 688 750 718 728 741 742 741 609 074 €30 653 617 €30 037 678 685 681 688 711 742 732 733 727 722 722 088 662 738 700 718 V.08
B:00p 680 756 707 717 742 740 737 706 668 644 651 812 028 853 672 884 673 681 747 727 730 733 726 721 718 080 6850 720 732 734 729
9:00p 892 748 743 747 745 744 7.30 700 067 048 034 €03 618 €52 667 660 703 €83 7O7 792 720 748 723 720 710 685 680 731 734 730 7.0
10:00p €85 738 701 714 743 750 735 741 658 635 623 602 617 644 658 850 743 670 728 741 721 750 728 728 744 873 687 729 728 743 7.04
11:00p 087 731 704 707 740 753 739 7.05 667 631 618 500 600 640 648 078 704 681 698 741 720 757 720 734 719 87T 664 72 722 107 7T
Max. 862 762 727 726 V45 753 V56 742 710 677 063 052 642 055 680 070 713 TO0 720 V42 V44 7TE57 782 738 V83 738 700 7H2 T4l 754 720
Min. 617 688 608 080 672 725 730 000 850 620 818 580 591 577 630 033 641 643 B84 874 680 700 723 7.2 7.4 873 659 649 705 643 621
Avg. 650 735 700 701 T09 78 741 723 603 062 043 620 813 617 055 855 068 670 690 705 721 725 753 720 743 747 G864 72 720 680 877
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Hourly Dissolved Oxygen Readings: Crystal Falls Hydroelectric Project (Downstream of Dam), September 2002, corrected data

Day of Month
Time 1 2 3 4 5 8 7 8 9 10 1% 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 20 30
12:00a 7192 714 776 810 811 B840 77T 847 815 778 740 740 004 BT8 878 845 044 021 B78 841 741 796 848 890 079 971 063 {028 077 918
1:00a 705 710 768 800 775 835 808 833 810 772 722 763 802 656 853 800 041 603 076 820 7.21 804 850 605 084 970 968 1032 084 048
2:00a 712 700 813 793 771 808 808 B33 813 TS5 720 748 8T7 874 840 792 026 932 84S 808 727 B42 843 84T 974 064 064 1034 083 623
3:00a 652 607 YO0 802 702 830 784 B35 778 740 705 748 OB4 868 353 797 927 500 6689 LB 703 808 851 900 OB 984 970 1041 £88 918
4:00a o8 600 708 705 B30 840 764 767 775 752 684 753 874 878 530 7TAE 034 005 852 B13 693 820 855 901 981 963 O75 1030 082 0418
5008 o7 088 728 807 635 804 75 IS 756 727 664 TA0 873 547 B3 T8 035 907 868 785 701 824 866 800 994 061 O71 1032 089 940
6008 680 696 768 810 836 815 74T TW 779 754 600 752 875 867 815 0856 012 902 B840 783 087 848 833 0808 G068 058 033 1028 085 94
7.00a eo7r 648 762 603 B24 308 75 800 776 743 878 752 662 650 525 841 028 580 821 812 720 845 533 000 999 060 088 1025 070 9.4
8:00a o758 0884 762 810 826 04 V72 BA1 T2 725 088 T42 800 B84 812 845 022 898 B13 V.84 743 B57 87V 000 1008 052 080 1015 973 .27
8:00a 884 688 770 A2 824 778 756 T80 T4B 742 072 748 652 AS57 803 847 032 8B4 844 780 727 640 885 007 1000 952 002 1014 $72 038
10:00a 688 @73 767 817 834 702 780 814 774 736 603 763 863 856 810 872 904 862 828 7B7 750 B854 805 033 1024 073 903 1008 965 932
11:00a 680 €05 734 820 808 706 811 862 763 744 681 750 673 850 800 886 011 893 8M 794 774 884 895 930 1031 960 1001 1044 970 .31
12:00p 688 675 746 826 231 7683 826 055 728 600 700 857 B70 843 614 0891 010 B8B83 848 779 780 874 888 037 1023 958 1004 1008 0858 032
100p 710 T41 848 820 700 813 851 TAT 748 7.04 874 875 367 803 010 007 887 845 725 702 883 Q.94 848 1011 050 1004 995 051 028
200p 680 823 765 804 823 7H2 84 874 TS0 70 722 860 805 874 822 807 023 854 833 741 702 882 625 044 1031 071 1007 992 947 92
3:00p 715 0852 767 027 842 758 843 862 750 738 720 903 900 085 824 922 023 610 880 757 801 885 021 940 1020 098 087 980 938 02
400p 718 850 774 347 830 754 831 880 TS5 733 731 003 482 675 832 930 016 913 812 751 700 835 913 048 1022 086 1001 982 037 920
5:00p 718 853 793 651 852 782 6800 878 800 776 761 024 951 870 343 013 957 887 860 756 812 902 011 948 1000 977 1013 084 038 917
6:00p 731 248 850 831 856 752 D43 813 B 774 763 024 B8 8BS 843 043 962 010 837 745 800 680 915 543 087 972 604 088 937 944
7:00p 710 8352 844 897 650 TS84 808 B.16 813 760 760 020 004 279 836 0324 938 025 827 734 804 880 003 045 1000 G638 998 076 024 647
8:00p 700 819 822 285 841 709 802 805 809 760 743 915 863 860 B850 042 049 005 641 745 807 867 8594 033 087 061 1043 076 925 018
9:00p 698 838 B21 851 797 800 783 763 VT8 75T 742 001 605 875 847 035 030 AV 857 730 700 881 8584 035 978 964 1048 974 922 850
10000p 722 834 6812 878 826 815 704 7.73 700 780 752 927 0582 B84 847 040 932 881 BS54 725 601 868 005 933 084 068 1017 €70 047 9.00
11:00p _ 691 830 320 810 007 208 8536 748 780 750 754 0O5 0802 881 844 945 030 910 851 725 604 867 891 936 082 0985 1017 980 913 908
Max. 731 856 850 807 856 B840 043 88D 827 77 760 020 011 890 878 049 962 032 883 841 812 002 925 048 1031 985 1018 1041 OB 941
Min. B84 848 741 TSI TN 752 TAT T4B 728 898 872 740 858 843 803 T8 9504 B854 012 714 893 708 833 867 074 950 063 074 012 B
Avg. 668 755 788 823 224 707 706 820 731 749 710 320 384 889 £33 877 020 898 847 770 761 A56 B8B83 923 1000 064 093 1005 0656 9.2
* Sarvica point (miasing datn)
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- Comparison Between Hourly Temperatures at Sites
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Hourly Deita Temperature Calculations: Crystal Falis Hydroelactric Project (Downstream Minus Upstream), June 2002
Day of Month

Time 1 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30
1200a 02 o1 03 01 03 04 03 02 02 01 02 02 02 03 03 03 03 03 02 03 03 02 03 01 03 02 02 04 €3 01
1:00a 0+ 02 01 02 02 04 03 02 01 01 03 02 03 02 03 03 03 03 03 03 02 02 02 02 03 02 04 02 03 02
2:00a 01 02 01 02 03 04 03 02 02 02 02 03 03 02 02 02 03 03 02 03 03 02 03 02 02 02 03 02 04 02
3:00a 02 0z 03 02 02 05 04 02 02 01 02 03 ©03 03 02 03 03 03 02 ¢2 02 03 02 02 02 01 03 03 03 02
4:00a 03 02 01 02 0t 05 04 04 02 02 03 03 02 03 01 03 03 02 02 O4 03 03 02 01 03 03 03 02 03 02
5:00a 02 02 01 01 03 05 03 03 01 03 03 ¢2 02 02 02 03 04 02 03 03 03 02 03 01 03 02 03 03 03 02
6:00a 01 02 02 00 02 04 03 03 01 03 02 02 02 04 03 02 02 03 02 03 02 02 03 02 03 03 02 03 02 00
7:00a 02 01 02 03 01 ©03 02 02 062 01 02 O01 Of 03 03 02 02 03 02 02 03 03 03 04 03 02 03 02 03 02
8:00a 01 o1 02 02 01 03 03 03 O01 02 02 02 02 03 03 02 02 ¢2 02 03 02 02 02 01 D3 03 03 03 02 01
9:00a 03 02 01 03 03 03 01 02 02 02 01 02 02 02 ©3 02 02 02 03 03 03 03 01 02 02 02 03 02 01 0O
10:00a 00 04 01 02 02 02 01 ©01 03 03 01 01 O3 04 03 03 02 02 02 03 02 02 01 02 02 01 03 02 00 04
11:00a 03 o1 02 03 03 02 02 02 02 03 02 01 03 04 04 O3 04 04 02 00 03 02 02 02 02 00 03 05 01 03
1200p 02 o00 02 03 07 01 ©2 03 02 00 01 02 02 02 03 04 03 04 03 O01 02 02 O01 04 01 04 02 07 01 02
1:00p 03 01 03 02 02 02 02 04 01 04 03 02 D4 03 04 03 03 04 02 00 04 02 02 02 01 02 01 08 00 OS5
2:00p o4 O01 01 02 05 06 01 05 03 04 02 02 04 03 03 02 03 03 04 02 01 05 02 03 04 00 08 03 02 08
3:00p 62 01 02 02 05 03 01 05 02 04 01 00 OG4 02 03 03 02 02 03 02 02 ©1 03 02 04 01 07 03 03 07
4:00p 03 02 02 03 08 06 01 01 02 O3 01 01 06 04 03 ©3 02 04 03 OO0 03 02 04 01 02 01 07 05 04 08
5:00p 03 02 02 02 07 o0& 00 03 01 * 02 03 03 02 03 03 01 03 02 00 O4 03 03 05 01 02 08 O3 08 080
6:00p 02 00 03 02 OB 11 Ot 02 O1 04 02 03 03 03 04 03 02 04 03 00 O4 03 02 03 02 03 04 G4 02 04
7:00p ©1 01 01 01 03 07 00 O1 03 00 02 02 02 03 04 03 03 05 03 03 04 02 04 03 03 02 04 02 02 05
8:00p 61 01 01 03 02 03 H1 02 02 00 01 03 03 03 03 04 03 02 03 03 03 00 02 60 05 03 D04 02 00 08
9:00p 02 01 01 02 00 00 OV 03 03 Of 02 02 03 03 03 03 04 03 03 02 03 Ot ©2 00 03 03 02 02 00 05
1000p 01 01 03 01 02 04 03 01 02 02 01 03 02 063 03 03 03 03 03 02 062 01 02 01 03 02 02 03 00 02
11.00p 01 03 01 03 04 D03 02 02 H3 63 01 02 03 02 03 03 03 03 03 03 03 03 02 02 03 03 03 02 01 00
Max. 04 03 03 03 08 11 04 05 03 04 O3 03 08 04 04 04 O4 OB 04 04 04 OS5 D4 05 05 03 08 07 08 09
Min. 60 00 ©1 00 92 00 01 01 01 00 01 OO0 O1 02 O0Y 02 01 02 02 H2 01 00 01 H1 01 02 01 02 D2 00
Avg. 62 01 02 02 03 04 02 03 02 02 02 02 03 03 03 ©03 03 O3 03 02 03 02 02 02 03 02 04 03 02 043
* Senvice point (Meaing cata)
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Hourly Deita Temperature Calculations: Crystal Falls Hydroslectric Project {(Downstream Minus Upstream), July 2002
Day of Month

Time 1 2 3 4 8 ] 7 8 o 10 1 12 13 14 15 18 17 18 19 20 21 2 23 24 22 22 27 28 2 330 N

12.00a oo 02 00 01 00 01 01 04 00 01 02 02 03 02 01 H5 02 02 02 00 01 02 02 03 03 02 02 03 04 03 02
1:00a 00 02 00 02 00 02 ©1 00 0C 02 01 03 02 03 01 00 02 01 03 03 00 01 02 03 03 02 03 03 03 02 03
2:00a 02 01 00 00 00 02 GO0 OO0 02 ©01 03 02 02 03 00 O1 0D ©O1 02 02 02 02 03 03 02 01 02 03 03 02 02
3:00a ¢4 01 03 01 Ot 02 O 01 01 00 02 63 02 02 02 02 O01 O1 02 03 03 02 03 02 03 02 03 03 03 02 02
4:00a 0z 01 00 06 00 01 Of O0% ©O1 01 02 02 02 02 €2 01 00 02 01 04 02 02 03 03 03 02 03 02 04 02 02
5:00a 02 03 o1 01 ©01 D2 O01 Ot 00 01 02 02 02 02 02 01 00 02 01 03 02 03 02 03 03 02 03 03 02 02 02
6:00a 02 02 00 00 01 01 02 01 00 01 01 03 02 02 02 O1 OV 01 02 02 03 02 03 02 03 02 03 03 08 03 02
7.00a 1 0y 00 01 02 Ot 03 01 02 62 03 02 02 03 02 o0t 02 00 01 03 02 02 02 02 03 02 03 02 03 02 049
8.00a 01 03 00 00 01 02 02 01 01 Ot 02 02 02 02 02 01 02 01 02 03 02 02 03 03 03 02 03 02 02 02 03
9:00a 60 00 01 00 01 02 00 01 00 02 02 02 02 03 02 02 01 01 00 02 03 02 02 02 02 °* 02 03 01 01 02
10:00a a3 o0 0¢ 01 01 01 01 Of 00 ©O1 03 03 05 03 04 02 01 01 02 03 02 03 02 03 02 02 02 03 02 00 02
11008 03 201 01 02 02 062 0f 02 02 01 03 03 085 01 03 01 02 01 04 04 01 03 03 02 02 02 01 02 02 02 02
12.:00p 00 03 ©01 04 03 01 02 02 01 04 03 05 04 02 00 O1 01 03 03 04 02 04 03 02 03 02 01 02 01 o1
1:00p 06 02 ©3 03 00 04 00 02 00 OF 01 02 02 03 02 01 01 02 06 02 02 04 04 O4 02 00 01 00 02 00 049
2:00p 06 04 O07 02 03 07 03 02 03 01 03 01 01 02 01 01 OL1 ©1 07 02 02 02 04 04 02 01 07 03 02 03 041
3:00p 69 07 05 o5 03 08B OF 02 01 00 02 01 061 00 02 01 D1 02 07 00 O1 03 03 O4 03 04 08 03 02 05 02
4:00p 06 04 03 05 01 01 01 ©03 04 00 02 02 Ot Ot 02 00 H1 01 08 01 02 02 02 02 02 H1 11 04 01 ¢3 0f
5:00p 03 07 o4 08 H1 02 HS5 00 02 01 11 05 02 01 08 01 00 03 08 03 05 02 03 02 03 02 07 07 00 02 04
6:00p 05 05 03 @3 01 01 06 00 02 00 10 06 D4 02 04 01 071 04 08 02 04 02 03 04 02 01 08 03 01 03 04
7:00p 63 02 o1 01 02 03 91 01 01 o0¢ 07 H5 05 02 05 00 00 03 o7 01 03 O3 03 03 02 03 01 00 03 ©03 00
8:00p 02 03 00 02 01 ©f 00 01 01 02 08 02 04 02 £3 OH3 02 03 08 02 02 03 03 03 03 02 01 00 01 041 03
9:00p 00 01 0t 01 00 03 45 00 02 03 L1 02 03 01 H2 04 01 02 04 O01 O1 01 03 03 03 02 U1 02 03 02 03
10:00p o5 00 00 02 02 03 04 00 01 Of 05 03 £2 03 00 03 01 01 03 00 01 03 03 03 03 02 02 03 02 00 02

1100p 01 0t 02 01 02 04 02 00 01 02 01 0% 01 02 HD5 04 01 01 03 01 03 03 03 02 01 03 03 03 03 01 03

Max, 09 0¥ oOov 05 04 08 08 03 04 03 14 0.3 05 04 04 02 02 04 08 04 05 04 04 04 03 03 11 0.7 0% 05 03
Min. 00 01 €3 00 02 01 05 D4 00 00 O5 08 05 00 08 06 02 00 00 02 02 01 02 02 01 04 02 03 00 00 00
Avg. 03 02 01 02 01 062 00 01 ©1 01 03 01 01 02 00 00 00 02 04 02 02 02 03 03 O3 01 03 03 02 02 02
* Servics point (missing data)
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Time
12:00a
1:00a
2:00a
3:00a
4:00a
5:00a
6:00a
7:00a
8:00a
9:00a
10:00a
11:00a
12:00p
1:00p
2:00p
3:00p
4:00p
5:00p
6:00p
7:00p
8:00p
8:00p
10:00p
11:00p
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Hourly Delta Temperature Calculations: Crystal Falls Hydroelectric Project (Downstream Minus Upstream), August 2002
Day of Month

1 2 3 4 5 & T B 8 10 1M 12 13 14 15 1 {7 18 19 20 21 2 23 24 28 28 27 2 2 2
03 03 03 04 03 02 02 03 03 03 03 02 03 02 02 02 02 02 02 03 02 02 O4 03 03 O3 02 O01 00 04 01
04 03 03 04 05 03 03 063 03 02 02 02 03 03 02 03 01 03 03 02 02 03 03 03 04 03 02 02 02 03 03
02 03 03 03 03 02 03 02 03 02 03 03 02 03 02 02 03 02 03 02 02 03 01 03 ©O1 03 02 02 02 02 02
0.3 0.2 o4 03 03 041 03 03 02 02 03 0.3 0.3 02 O3 0.2 03 02 02 04 02 02 0.3 0.3 02 03 o2 03 01 01 02
€2 02 02 03 02 02 03 02 03 03 02 03 03 02 03 01 02 02 02 02 02 05 04 03 02 03 02 01 02 02 03
03 02 04 03 03 02 02 02 03 03 02 03 04 02 03 03 02 02 02 01 02 03 03 04 03 02 02 02 03 02 02
03 03 02 03 02 02 02 02 02 03 03 04 02 03 02 02 02 03 02 02 03 03 03 04 02 01 02 03 02 02 02
03 02 02 03 02 03 02 02 02 02 02 02 02 02 O1 02 01 02 02 01 02 03 03 03 02 02 02 03 02 04 02
02 02 03 03 03 02 062 03 03 03 02 02 03 01 02 02 02 01 02 02 02 03 04 04 03 02 02 02 02 01 02
02 03 03 03 03 02 03 03 02 03 02 02 02 01 02 02 02 02 03 00 02 03 03 03 02 02 01 02 02 01 03
62 04 03 03 03 02 03 02 02 02 01 03 02 01 02 01 02 03 02 O01 01 03 03 04 00 02 02 02 02 03 02
63 02 04 03 03 04 04 02 03 01 01 041 03 03 03 03 02 01 02 O4 01 O3 03 04 02 01 02 02 02 03 02
02 02 04 02 03 03 04 05 03 00 02 02 03 05 02 02 02 02 02 08 O1 ©03 03 03 02 03 01 ©3 02 03 03
03 03 03 04 02 04 03 05 OH1 00 02 01 02 06 03 03 01 02 02 05 O1 04 03 08 01 03 02 02 08 08 04
03 03 03 04 02 04 D1 086 01 0O 03 03 02 06 03 02 02 02 03 06 02 08 04 02 00 00 02 04 08 07 06
02 03 03 03 03 02 05 ©1 07 01 03 01 03 08 01 ©O1 O1 01 04 O8 01 04 04 02 02 01 00 08 08 O8 08
02 03 03 03 04 04 04 00 02 00 03 04 03 04 01 02 02 01 03 OB 02 O7 04 02 02 02 00 O8 OF O8 06
01 03 03 03 04 03 03 00 H2 H2 03 02 06 OS5 01 03 02 O0 02 06 02 07 ©04 02 01 01 00 08 06 04 02
02 03 03 03 04 04 03 01 01 H4 02 02 03 00 01 07 02 00 02 04 03 05 04 04 03 02 00 07 08 03 02
03 03 03 04 04 03 03 00 04 00 O7 O03 01 02 02 08 03 02 01 04 02 02 04 02 02 01 02 05 03 00 .01
03 03 03 03 02 03 O3 61 01 0f 05 01 Ot 04 01 O5 03 01 02 03 03 04 03 02 01 00 02 06 02 02 01
02 03 03 02 02 03 03 03 01 02 03 01 02 01 02 03 03 01 03 04 02 04 03 03 02 02 03 01 01 00 02
02 03 03 03 02 03 03 03 02 04 00 02 D2 02 03 02 03 01 02 H1 02 04 03 03 02 03 03 -01 02 00 02
02 03 03 03 04 03 03 03 03 02 01 02 02 04 02 02 03 02 02 01 01 04 04 03 03 02 03 02 06 02 02
04 04 04 04 05 04 05 06 07 04 O0F 04 05 06 03 O8 03 03 04 08 03 07 04 08 04 03 03 07 08 08 08
¢1 02 02 02 02 01 01 01 OH4 04 00 H1 01 00 O1 O1 01 00 OV H4 01 02 041 02 00 080 00 01 02 00 -01
02 03 03 035 03 03 03 02 02 01 03 02 03 03 02 03 02 02 €62 03 02 04 03 03 02 02 02 03 03 03 03

Avg.
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Hourly Deita Temperature Calculations: Crystal Falls Hydroslsctric Project (Downstream Minus Upstream), September 2002
Day of Month

Time 1 2 3 4 5 0 7 8 9 10 11 12 13 14 15 1 17 18 18 20 2 2 23 24 25 26 27 2 29 20
1200a 03 02 03 ©3 01 03 03 OV 02 02 02 03 01 02 04 04 02 03 03 03 03 03 03 03 02 02 02 02 02 03
1:00a 62 03 02 01 02 02 03 04 02 01 02 03 02 02 03 02 02 02 04 03 03 03 03 02 0ot 03 03 02 03 03
2:00a 02 03 03 02 03 01 O3 03 02 01 03 02 01 O01 04 04 02 03 04 03 03 04 03 02 02 00 01 02 02 02
3:.00a 03 03 02 02 02 02 03 03 02 02 01 02 02 02 03 03 03 03 04 03 ©2 03 04 01 01 01 02 02 0% 02
4:00a 02 02 02 02 02 02 03 04 02 02 02 03 02 02 03 03 03 03 04 03 03 03 04 01 02 02 61 02 02 02
5:00a 01 02 03 02 02 04 O3 02 03 02 03 03 02 €G3 02 03 03 03 04 03 04 03 03 02 01 02 01 02 03 02
6:00a 02 03 03 G2 02 03 03 02 02 02 02 o1 03 @3 03 03 03 03 03 03 03 03 04 01 01 02 01 02 02 02
7:00a 02 02 02 03 03 03 03 03 ©03 02 02 04 02 03 03 03 03 02 03 03 04 O4 02 02 01 Ot 00 01 02 03
8:00a 02 03 04 ©02 02 03 03 02 02 02 03 03 02 03 03 02 03 03 02 03 02 03 03 02 D01 03 02 03 02 02
9:00a 0 03 02 02 02 03 04 02 02 03 02 03 02 G2 03 03 03 03 03 03 03 02 03 02 01 01 0+ 02 02 03
1000a o02 o1 03 02 02 03 04 01 03 03 O1 03 02 02 04 02 02 03 02 03 03 02 03 02 02 02 01 03 02 02
11.00a 02 03 02 02 02 03 04 02 03 02 02 02 02 02 02 03 04 03 02 03 03 03 o1 02 01 00 00 02 02 02
1200p o4 04 02 03 02 03 04 03 06 03 03 01 D04 02 04 02 08 02 03 03 01 04 ©2 00 01 02 03 02 03 02
1:00p 02 * 03 03 02 03 04 03 08 02 03 01 O4 O0OY 03 03 05 03 02 03 03 04 03 01 02 01 00 01 02 02
2:00p 04 08 01 07 03 02 00 ©3 09 03 01 02 ©02 03 02 04 O7 05 02 04 04 03 02 02 03 01 01 01 02 02
3:00p 09 03 02 05 03 03 04 00 O5 0% 03 02 O4 00 05 03 06 03 04 04 03 03 04 02 02 02 01 02 02 03
4:.00p 01 04 03 04 03 03 08 01 07 02 D2 D2 04 02 04 02 01 04 02 03 04 03 03 065 03 00 02 02 02 O5
5:00p 01 03 03 04 03 05 06 01 04 03 03 01 03 04 02 02 O5 091 02 03 04 03 02 03 02 02 03 02 03 04
6:00p 61 02 02 03 02 04 09 06 02 02 03 02 00 03 03 04 05 02 03 03 04 03 02 03 03 01 02 03 01 03
7:00p ©3 01 02 01 03 04 08 06 03 03 02 03 02 04 03 04 04 02 03 03 03 03 04 01 02 01 03 01 01 083
8:00p 01 03 03 01 03 04 14 03 01 03 ©01 02 00 04 04 02 00 02 03 03 03 02 03 02 03 02 02 03 02 03
9:00p 61 03 04 02 02 04 08 03 00 02 03 02 02 03 03 02 02 02 03 03 03 03 03 02 02 01 02 02 02 04
10:00p 01 02 02 01 O3 04 08 03 02 02 03 02 02 03 03 02 01 03 03 03 03 03 03 02 02 00 01 02 02 03
11:.00p 02 02 02 02 03 03 04 01 03 02 02 02 02 04 02 01 00 03 O3 04 02 04 02 01 02 02 01 02 02 03
Max. 04 08 04 07 03 05 14 06 09 03 03 ©O4 04 O4 O5 04 O7 05 04 O4 04 04 04 05 03 03 03 03 03 0S8
Min, 01 01 01 01 01 01 D4 H1 L3 01 OT 01 00 00 Ot Ot L2 01 02 03 01 02 04 OO0 01 00 ©00 Of 01 02
Avy. 02 03 03 03 02 03 04 02 03 02 02 02 02 03 03 03 03 03 03 03 03 03 03 02 02 01 02 02 02 03
* Senvice pomnt (Mussing asts)
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APPENDIX H

- Comparison of Results With Previous Study Years
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Dissolved oxygen and temperature at Crystal Falls Hydroelectric Project, downstream

2002

1 25

Temperature (*C)

115

- 10

—— DO {comected)

-—Temp

ﬁ@mﬁ SR
S S48 .%%w

F 8-23
r 921
r 9-19
F 917
- 8-15
r 913

£e

T™rTrT

SHITHTTHT

T

L]
-
N

- 810

12

P-11402-054



11

10

e

’ .

Exceedences in DO
concluded to be due
to calibration problem.

——2002 DO corrected {magenta)
—— 2001 DO uncorrected (green}
= 2000 DO uncorrected (blue)

hd "
rvlvrr|lr7117v1—r1r—rr—lrvrl1

EEEEEY

®

aud

%

T

Y

rZe

r

rrrTrTTTYTTY YT Ty Y rrrryfrrrrrrrrrrTLLY

SEREEZLE

8

:#39)D0Q UT €£€00Z/6Z/20 D3SO 0WdI Aq PIATI09Y L0Z0-92Z0£00Z JO I0d PIIPIDUSD-DYII TeTOTIIOUN

¥S0-20%¥11-4d



Unofficial FERC-Generated PDF of 20030226-0207 Received by FERC OSEC 02/25/2003 in Docket#: P-11402-054

- APPENDIX

- Client and Consultant Correspondence on
Draft Annual Report for 2001 Monitoring
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ECOLOGICAL CONSULTING AND
- ENVIRONMENTAL LABORATORY SERVICES
- Z}a WHITE WATER ASSOCIATES, INC.
- February 5, 2002
City of Crystal Falls, Electric Department
- Attention: David Graff
401 Superior Ave.
Crystal Falls, MI
-
Dear Mr. Graff:
- Regarding your comments on the 2001 final report of the three-year water quality monitonng study
for the City of Crystal Falls Hydroelectric Project, I am providing more specific details about our
response to the incident that occurred August 2001 where low oxygen readings were recorded. 1
- provided an incident report to the agencies dated August 22 strongly supporting the finding that the
unit in question was out of calibration at the time these readings were taken, probably due to DO
calibration drift.
-
In the incident report, three calibration trials in tap water, well-stirred tap water, and moist air
showed differences between the unit and a lab-calibrated YSI DO meter of 1.1, 1.3, and 1.5 mg/L,
- respectively. Using the most conservative adjustment of 1.1, I reported the lowest reading would
have been 4.97. After further review, | have determined that this number was the result of an
- incorrect rounding procedure. The sum of the lowest recorded reading (3.87) and 1.1 should have
been rounded to 5.0, reflecting the accuracy of the YSI meter to the tenth. Additionally, the field unit
is more likely reading to the tenth but reporting greater accuracy as a result of its software design.
-

This rounding procedure (involving the hundredth’s decimal place) points out how slight arithmetic
decisions can make a difference in determining whether readings are actually within stated water
- quality standards of 5.0 mg/L or above. Using cither of the other corrections of 1.3 and 1.5 would
have placed the lowest reading at either 5.2 or 5.4, respectively. An average between the three trial
corrections would have settled on 1.3 mg/L rather than the more conservative 1.1 comrection used.

For the reasons stated, my professional opinion is that the water quality standard of 5.0 mg/L was
not exceeded. Unfortunately, we have no independent evidence, either corroborating or refuting DO .
- measures taken downstream by the continuously measuring Datasonde. No independent DO
measurements upstream or downstream were taken during the period when readings were at their
lowest. Next summer’s stepped-up schedule of every 10 days, with special attention to water
- temperature conditions above 25°C, may help alleviate the problems of calibration drift and lack of
supporting evidence, and provide an ample data set in the final year of the study.

- Sincerely,
- Kent F. Premo

Associate Consultant
429 River Lane, Box 27 ® Amasa, MI 49903 « Ph 906/822-7889, Fax - 7977 » web: white-water-associates.com, e-mail: whitewtr@up.net
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- APPENDIX J

- Agency Comments to Draft Annual Report for 2002 Monitoring
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STATE OF MICHIGAN 7

JENNIFER M. GRANHOLM DEPARTMENT OF NATURAL RESOURCES K. L. cooL
GOVERNOR LANSING INRECTOA

Refer to: 4202.2.76

Janvary 3, 2003
L]
Mr. Kent Premo
‘White Water Associates, Inc.
- 429 River Lane, P.O. Box 27
Amass MI 49903
Subject: City of Crystal Falls Hydroelectric Project (FERC No. 11402)
- Comments on the 2002 Water Quality Monitoring Draft Report
Dear Mr. Premo:
- The Michigan Department of Natural Resources (MDNR) is in receipt of your draft copy of the Water Quality

Monitoring study dated December 13, 2002, In this report, results for the 2002 City of Crystal Falls Hydroelectric
Project Water Quality Mouitoring Plan were submitted. In addition, monitoring results were compared for the years
- 2000 through 2002.

Monitoring methods and results were in compliance with the Federal Energy Regulatory Commission (FERC) Order
Approving Water Quality Monitoring Plan. Except for one instance explained by calibration error in 2001, the Crystal

- Falls Hydroelectric Project did not influence DO or water temperature beyond limits specified by the State of Michigan.
As a result of this compliance, White Water Associates, Inc. has asked for a reduced long-term monitoring schedule.

- Water quality monitoring is proposed on the frequency of once every five years with a reduction from June through
September data collection to only mid-July through mid-August. It is further proposed that long term monitoring be
conducted in the same manner as 2002,

- MDNR is pleased with the three years of monitoring results. Because water quality violations could potentially occur at

any time over the license period, MDNR agrees that is important to conduct periodic monitoring over the term of the
license, MDNR concurs that long-term monitoring, beginning in 2007 and every five years thereafter, is appropriate.

- However, rather than limiting the monitoring to only mid-July through mid-August, MDNR would like to see
monitoring include the entire two month low flow period of July and August. Two months of monitocing data during
the low flow period will ensure detection of any water quality problems and provide resource protection. All
monitoring and reporting protocols shall remain the same as conducted in 2002.

Thank you for the opportunity to comment. If you have any questions, pleasse contact me.

) -

- essica Mistak, Fisheries Biologist
Marquette Fisheries Station
484 Cherry Creck Rd

- Marquette, MI 49855
906-249-1611 ext 308
iscakil @michi

- cc:  Ms. Sharon Hanshue, MDNR

Ms. Janet Smith, USFS

STEVENS T. MASON BUILDING = P.O. BOX 30028 ¢ LANSING, MICHIGAN 480909-7528
www.michigan.gov e (317) 373-2329



